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Earthquakes expected to occur in Palestine and near region countries, based 
on studies conducted in the region countries are no more than 6 degrees or 7 
degrees on the Richter scale, if its center is north or South of the Dead Sea. This 
strength general class is classified as moderate or relatively strong. 
This research work introduces an approach for assessment of existing 
buildings in Gaza city against seismic hazards. The proposed approach is simple, 
straightforward and based on studies that deal with seismic requirements for Gaza 
city building in terms of resisting expected seismic action.  
There are several factors affecting the overall vulnerability of a structure in 
addition to its construction type. These factors are generally applicable to all types 
of structures. three full area, from Gaza city were investigated by their site 
conditions, regularity, configuration, structural and architectural elements of 
buildings, number of floors, main street width, importance of building, use of 
building, situation of enters of building, situation of building, finishing material, 
horizontal irregulars, vertical irregulars, soft story, short column, contriver, 
concentration of stress due to complex plans, thin building, building design to 
resistance earthquake, type of foundation soil adjacency and etc. 
The collected data and it`s analysis were conducted according to European Macro 
seismic scale 1998 (EMS). The results of applying the approach show a relation 
between seismic vulnerability of existing buildings and damage degree. Assigned 
vulnerability classes show that 64% of total buildings are categorized as class (C) 
and about 23% of class (D), which reflects high seismic vulnerability of existing 
building in Gaza city.  
The proposed approach has been verified using the detailed evolution 
methods and showed convergence in the results. Several scenarios have been 
prepared for the expected damage based on earthquake damages defined in EMS-
VIII 
 
98. The results are expected to shed the light on the importance of carrying out 






 فلسطين في حدوثها المتوقع الزالزل،أن  المنطقة دولفلسطين و في أجريت دراسات على بناء
 في مركزها إذا ريختر، مقياس على درجات 7 أو درجات 6 تتراوح شده ما بين المنطقة، دول من وبالقربأ
 قوية أو بالمتوسطة قوةال من الزالزل ما بين الزالزل الفئة هذه وتصنف. الميت البحر من الجنوب أو الشمال
 .نسبيا
 يمتازالمنهج. الزلزالية المخاطر ضد غزة مدينة في القائمة المباني لتقييم منهجا   يقدم البحث هذا
 .بالبساطة المقترح
 .الزالزل مخاطر ضد غزة مدينة في القائمة مباني أداء لتقييم طريقة البحث هذا يقدم
 مباني احتياجات تلبي دراسات على ومبنية التداول سهلة بسيطة، المقترحة بأنها الطريقة تتميز
 الزالزل أفعال ردود لمقاومة مدينة غزة
 
مباني باإلضافة إلى نوع النظام لل المتوقع الزلزالية اإلصابة هناك عوامل مختلفة تؤثر على قابلية
 .هذه العوامل تنطبق بشكل عام على جميع أنواع األنظمة اإلنشائية. اإلنشائي المستخدم في المبني
منطقة كاملة من مدينة غزة من خالل جمع المعلومات استنادا إلى ظروف الموقع  3تم دراسة 
عدد الطوابق، عرض الشارع الرئيسي، أهمية المبني، وانتظام وتكوين العناصر الهيكلية والمعمارية للمباني، 
تصميم  استخدام المبني ، ، حالة البناء، نوع التشطيب ، التماثل الرأسي و اإلفقي للمبني ، الطابق الرخو ،
 .وما إلى ذلك مة األحمال الزلزالية، نوع التربة التأسيسوالمباني لمقا
 European Macro seismic scale 1998تم تحليل البيانات المجموعة بأستخدام 
(EMS).. 
 
 من أكثر على تطبيقها خالل من المقترحة الطريقة إستخدام إمكانية من التحقق تم أن وبعد
من إجمالي عدد % 64أن البحث هذا نتائج ،أظهرت المقياس األوروبي بإستخدام دراسية حالة 64
وهو ما يعكس ارتفاع الضعف  (D)من الدرجة % 23و  ( C) الزلزالية من الدرجة لإلصابة المباني قابلة
 الزلزالية من المبنى الحالي في قطاع غزة
 
وتم إعداد . وتبين أن هنالك تقارب في النتائج الطريقة التفصيلةوقد تم التحقق من النتائج بإستخدام
ومن . بيسيناريوهات مختلفة لألضرار المتوقعة بنا ء على درجات األضرار المعرفة في المقياس األورو
المتوقع أن تسلط نتائج هذا البحث الضوء على أهمية عمل دراسات مشابهة على المباني العامة وكذلك المباني 
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1. Chapters 1: Introduction 
1.1. Background  
An earthquake may lead to widespread disaster, and is a serious risk for large urban areas. At 
present, statistical methods such as fragility curves are typically used for earthquake disaster 
prediction. Fragility curves are empirical relations describing building structure damage as a 
function of earthquake intensity. However, these methods are based on historical data, so 
generally are not sufficient to describe the specific characteristics of earthquakes and building 
structures. To create a high-precision and high-resolution earthquake disaster prediction model, 
Homma.et.al are developing a system called the Integrated Earthquake Simulator (IES), which 
implements large-scale earthquake simulations and integrates reliable physics-based analysis 
methods and geographic information system (GIS) data. This high-precision and high-resolution 
disaster simulation method is expected to help create disaster mitigation policies, efficient risk-
shifting, and rapid evacuation and recovery.  
Earthquakes expected to occur in Palestine and near region countries, based on studies 
conducted in the region countries are no more than 6 degrees or 6.5 degrees on the Richter scale, 
if its centre is north or South of the Dead Sea. This strength general class is classified as 
moderate or relatively strong. Strong or relatively strong earthquake are located in the Dead Sea 
area, and recurred every 80-100 years. The last time an earthquake happened in this region was 
in 1927.Some studies were carried out to show that the earthquakes that have their centre located 
to north of Lake Tiberias have a power up to 7 degrees or 8 degrees on the Richter scale. This 
kind of earthquake is likely to recur every 200-250 years, and the last earthquake happened in 
this region was devastating and killed 40,000 people in Palestine, Jordan, Syria and Lebanon. 
The last time an earthquake happened in this region was in 1656 Al-Dabbeek, J. (2007). 
1.2. Problem Statement 
Gaza city is the biggest city in Gaza strip and contains the largest number of tall buildings. 
Tall buildings are categorized into groups according to their difference in height. Most engineers 
in the Gaza Strip depend in the design of buildings on the gravity forces resulting from the dead 
loads and live loads only, and few of them take into consideration in the design and 
implementation of buildings the strong impact of seismic forces or wind.  
A quick comparison of the existing structures with earthquake engineering requirements and 
conditions shows that there are a large proportion of structural and architectural styles used in 
Gaza that does not meet the minimum requirements. The observation of the Researcher, There 
are no specific codes of requirement to earthquakes design in Gaza strip, the most of engineer in 
Gaza city are using ACI codes in the vertical loads, UBS, IBC for design the lateral loads. The 
observation of the Researcher, the world is talking now about the importance of these studies, 
but there are very limited numbers of studies that considered the Gaza Strip as seismic area.  
These studies were initiated by the Faculty of Engineering at the Islamic university, but these 
studies were still limited on specific types of buildings, such as the study of schools and public 
buildings of the Ministry of Health on other hand Al-Najah University have started to work on 
Nablus city and have finished completely Nablus city through a number of studies.  





In this study a specific areas in Gaza city will be select for seismic investigating; these areas 
will select to be a sample of the structural and architectural styles used in Gaza.  
1.3. Research Objectives and Aims  
This study aims to investigate seismic evaluation standards which have been developed based 
on the experience gained over many years of practice of seismic assessments of building in 
various seismically active countries of the world. The researcher has used the detailed Buildings 
Evaluation After preliminary Buildings Evaluation be performed using the European Macro 
seismic Scale (EMS-98), which is to be applied for RC building in Gaza Strip. The main output 
of this study is an approach for seismic evaluation specifically of Gaza buildings.  
The aim of this study is obtain the seismic risk reduction strategies for urban areas. Specific 
urban areas of Gaza city will be considered in this study. The following objectives are 
established to Achieves the aim of study: 
1. Study several evaluations methods of seismic intensity and adopt the most suitable 
method for Gaza strip.  
2. Select urban areas in Gaza city based on specific criteria’s such as: size, on site 
condition, regularity and configuration structural and architectural elements of 
building.  
3. Apply one of the selected evaluations methods of seismic intensity on the selected 
area.  
4. Analyze the obtain of data and identify the effective of Seismic risk-reduction 
strategies 
5. The results will show vulnerability and expected seismic performance of building.  
In addition, the above mentioned factors affecting the seismic intensity; obviously the 
expected seismic risk Bagot,( 2009) will be very high and expected to cause severe damages to 
properties and human lives.  
The specific objectives of this study are concluded as the following: 
1. Investigation of structural and architectural systems of the existing buildings in Gaza Strip 
for purpose of checking them for earthquakes resistance.  
2. Developing a method for evaluating seismic vulnerability and damages degree of buildings 
according to EMS-98 scale.  
3. Applying the proposed approach to buildings of Gaza city as case studies considering 
seismic demand in Palestine region (moderate seismic zone).  
1.4. Scope Of Research 
The scopes of work are covers several areas as follows: 
 Evaluation of micro seismic intensity for the buildings in Gaza city.  
 Identify seismic risk-reduction strategies.  





Although the exact location, magnitude, and impacts of the next earthquake cannot be 
predicted, the public officials and private citizens can implement various structural and 
nonstructural strategies to mitigate potential damages from plausible seismic sources. Hazard 
assessments that delineate the possible extent and magnitude of various earthquake-related 
processes (e.g., ground shaking, surface rupture, liquefaction and landslides) can serve as a 
foundation for identifying where and what type of seismic risk-reduction strategies may be 
warranted.  
The importance of this type of study, its developing a number of seismic scenarios plans, 
schemes hazards and disaster management, as well as it will be giving to us an initial estimate of 
expected losses of building, and shed light on the patterns of different type of buildings in Gaza 
City and the expected failure or success in seismic safety investigation.  
At the end of study we hope to help the decision-makers and specialists to the need to take 
the necessary measures to address the risks and mitigate for existing buildings, and these errors 
are not repeated in the new buildings.  
1.5. Research Methodology 
The following steps are summarizing adopted procedures of the research methodology, as shown 
in Figure1-1: 
 Literature review. 
 Definitions of earthquake. 
 Causes of earthquake. 
 Measuring earthquake. 
 Nature of Palestine geology. 
 Earthquake characteristic. 
 Number of standards used in evaluating building structures. 
 Structural and architectural systems of the existing buildings in Gaza strip. 
 Design the data collection forms. 
 Site visits and data collection 
 Analysis the data  
 Results and comments 












































2. Chapters 2: Literature Review 
In this section of these, definitions of earthquake, causes, measuring earthquake, nature of 
Palestine geology, earthquake characteristic, consideration in seismic design concept with 
common seismic deficiencies and lateral load resisting systems have explained. 
Moreover, this chapter gives a literature review on a number of standards used in evaluating 
building structures. Furthermore, this chapter shows advantages and shortcomings of applying 
these standards on Gaza Strip building structures. 
2.1. Earthquake 
Earthquakes are considered as a major problem for mankind, killing large number of people 
each year. On Averages about more than 17,000 persons per year are killed in the twentieth 
century Earthquakes can’t be prevented and form greatest challenges to structural designers. 
However, their occurrence near inhabited districts causes property and human losses, the case 
that requires mitigation of earthquake effects. Because of the unpredictability of earthquakes' 
occurrences, the main way of decreasing losses is by constructing structures adhering to seismic 
code provisions. Although most countries have developed building codes, existing buildings, that 
have no seismic design and detailing, urgently need seismic evaluation/retrofitting Bagot, (2009). 
The intensity of earthquake depends mainly on the following: 
 Earthquake magnitude. 
 Hypocentre distance. 
 Epicentre distance. 
 Region geologic and earth faults. 
 Nature of ground soil. 
 Vulnerability and performance of buildings. 
 Nature and type of structural buildings and infrastructure. 
 The public awareness for the safety measures within the community. 
An earthquake is shaking of the earth caused by pieces of the crust of the earth that suddenly 
shift. The crust, the thin outer layer, is mostly cold and brittle rock compared to the rock deeper 
inside. The most common cause of earthquakes is faulting. A fault is a break in the earth’s crust 
along which movement occurs. The Study of this movement is known as plate tectonics. There 
are three types of plate boundaries Shedlock, M., and Pakiser, C.,(2007). 
Spreading zones, transform faults and seduction zones. At spreading zones, molten rock 
rises, pushing two plates apart. Most spreading zones are found in oceanic spreading zones 
usually have earthquakes at shallow depths (within 30 kilometers of the surface).Transform 
faults are found where plates slide past one another. Earthquakes at transform faults tend to occur 
at shallow depths and form fairly straight linear patterns. Seduction zones are found where one 
plate overrides, or sub ducts, another, pushing it downward into the mantle where it melts. 
Seduction zones are characterized by deep ocean trenches, shallow to deep earthquakes, and 
mountain ranges containing active volcanoes Shedlock, M., and Pakiser, C.,(2007).The point 
beneath the earth’s surface where the rocks break and move is called the focus of the earthquake. 
The focus is the underground point of origin of an earthquake. Directly above the focus, on the 





earth’s surface is the epicentre. Earthquake waves reach the epicentre first. During an 
earthquake, the most violent shaking is found at the epicentre. Earthquake waves are known as 
seismic waves. Scientists have learned much about earthquakes and the interior of the earth by 
studying seismic waves. There are three many types of seismic waves. Each type of wave has 
characteristic speed and manner of travel Booth,E.,1994. 
2.1.1. Primary Waves (P Waves) 
Seismic waves that travel the fastest are called primary waves or P waves arrive at a given 
point before any other type of seismic wave. P waves travel through solids, liquids and gases. P 
waves are push - pull waves – As P waves travel; they push rock particles into the particles ahead 
of them, thus compressing the particles. The particles move back and forth in the direction the 
waves are moving Kusky , (2007). 
2.1.2. Secondary Waves (S Waves) 
S waves arrive at a given point after P waves do. S waves travel through solids but not 
through liquids and gases. It does not change volume of particles like P waves but only the 
shape. The rock particles move at right angles to the direction of the waves Bresler, B.,(1997). 
2.1.3. Surface Waves 
The slowest moving seismic waves are called surface waves, or L waves originate at the 
epicentre surface waves travel along the surface of the earth, rather than down into the earth. 
Although they are the slowest of the entire earthquake, L waves usually cause more damage than 
P or S waves Bresler, B.,(1997). 
2.2. Causes of Earthquakes 
An earthquake is manifested as ground shaking caused by the sudden release of energy in the 
Earth’s crust. This energy may originate from different sources, such as dislocations of the crust, 
volcanic eruptions, or even by man - made explosions or the collapse of underground cavities, 
such as mines or karsts. Thus, while earthquakes are defined as natural disturbances, different 
types of earthquake exist: fault rupture - induced, volcanic, mining -induced and large reservoir 
induced. Richter has provided a list of major earth disturbances recorded by seismographs as 
shown in Figure 2-1. Tectonic earthquakes are of particular interest to the structural engineers, 
and further discussion will therefore focus on the latter type of ground disturbance Dowrick. 
(2009). 
Earthquake occurrence may be explained by the theory of large scale tectonic processes, 
referred to as ‘plate tectonics, the theory of plate tectonics derives from the theory of continental 
drift and sea - floor spreading. Understanding the relationship between geophysics, the geology 
of a particular region and seismic activity began only at the end of the nineteenth century. 
Earthquakes are now recognized to be the symptoms of active tectonic movements. This is 
confirmed by the observation that intense seismic activity occurs predominantly on known plate 
boundaries Dowrick. (2009). 






Figure ‎2-1: Earth disturbances recorded by seismographs Dowrick. (2009) 
2.3. Measuring Earthquakes 
The severity of an earthquake can be expressed in several ways. The Magnitude of an 
earthquake, usually expressed by Richter scale is a measure of the amplitude of the seismic 
waves. The moment magnitude of an earthquake is a measure of the amount of energy released 
an amount that can be estimated from seismograph reading. The intensity, as expressed by 
Modified Mercalli scale, is a subjective measure that describes how strong shock was felt at a 
particular location (USGS). 





The Richter scale, named after Dr. Charles F. Richter has the best known scale for measuring 
the magnitude of earthquakes .This scale is logarithmic an earthquake of magnitude Z is the 
smallest quake normally felt by people. Earthquakes with a Richter value of 6 or more or 
commonly considered major, great earthquakes have a magnitude of 8 or more on the Richter 
scale. The Modified Mercalli scale expresses the intensity of earthquakes effects in values 
ranging from I to XIT. The most commonly used adaptation converts the range of intensity from 
the condition of (I) not felt except by a very few under especially favorable conditions, to (XIT) 
damage total. Evaluation of earthquake intensity can be made only after eye witness reports and 
results of field investigations are studied and interpreted. Earthquake's destructiveness depends 
on many factors, in addition to magnitude and the local geologic conditions, these factors include 
the focal depth, the distance from the epicentre, and the design of buildings and other structures. 
The extent of damage also depends on density of population and construction in the area shaken 
by the quake (USGS). 
2.4. Prediction Of Earthquake 
Earthquake prediction is one of the most important unsolved problems in the geosciences. 
Over the past decade, earthquake prediction research has been revitalized, and predictability 
experiments are currently active worldwide. In considering these experiments, a number of 
issues related to prediction evaluation are vital: a detailed experiment specification, the measure 
of success to be used, and a choice of appropriate reference model(s). 
Earthquakes expected to occur in Palestine and near region countries, based on studies 
conducted in the region countries are no more than 6 degrees or 6.5 degrees on the Richter scale, 
if its centre is north or South of the Dead Sea. This strength general class is classified as 
moderate or relatively strong Al-Dabbeek, J. (2007). 
Strong or relatively strong earthquake are located in the Dead Sea area, and recurred every 
80-100 years. The last time an earthquake happened in this region was in 1927 Al-Dabbeek, J. 
(2007).  
Some studies were carried out to show that the earthquakes that have their centre located to 
north of Lake Tiberias have a power up to 7 degrees on the Richter scale. This kind of 
earthquake is likely to recur every 200-250 years, and the last earthquake happened in this region 
was devastating and killed 40,000 people in Palestine, Jordan, Syria and Lebanon. The last time 
an earthquake happened in this region was in 1656 Al-Dabbeek, J. (2007). 
2.5. History Of Earthquake In World 
The following section presents the most famous earthquake in world as following; 
1. 22 May 1960 – Chile (Magnitude 9.5 on the Richter scale) 
The world's most powerful earthquake left 4,485 people dead and injured and 2 million 
homeless after it struck southern Chile in 1960. The port of Puerto Saavedra was destroyed in the 
ensuing tsunami, which caused $550M worth of damage in Chile and killed a further 170 people 
as five-meter waves hit the coasts of Japan and the Philippines. A day later VolcánPuyehue in 
Chile's lake district spewed ash 6,000m into the air in an eruption that lasted for several weeks. 





2. 28 March 1964 – Prince William Sound, Alaska(Magnitude 9.2 on the Richter scale) 
The Gulf of Alaska was devastated by the Prince William Sound earthquake that caused 
landslides in Anchorage and raised parts of outlying islands by as much as 11 meters. The 
resulting tsunami reached heights of 67 meters as it swept into the shallow Valdez inlet and was 
responsible for most of the 128 deaths and $311m worth of damage. The massive water 
displacement was felt as far away as the Louisiana Gulf coast and registered on tidal gauges in 
Puerto Rico. 
3. 26 December 2004 – Off the west coast of northern Sumatra(Magnitude 9.1 on the 
Richter scale) 
The deadliest tsunami in history was felt in 14 countries across Asia and east Africa, 
triggered by a "megathrust" as the Indian tectonic plate was forced beneath the Burmese plate. 
Indonesia was the worst affected with an estimated 170,000 of the nearly 230,000 person. With 
many of the victims' bodies missing, the eventual death toll took a month to establish. Some the 
world's poorest communities lost more than 60% of their fishing and industrial infrastructure. 
4. 4 November 1952 – Kamchatka(Magnitude 9 on the Richter scale) 
The volcanic Russian peninsula was near the epicentre of the quake, but it was the Hawaiian 
Islands that took the brunt of the tsunami that caused a million dollars' worth of damage as waves 
scoured the coasts, ripping boats from their moorings and, in Honolulu harbor, lifting a cement 
barge before throwing it down onto a freighter. No deaths were recorded, unless you count the 
six cows lost by one unfortunate Oahu farmer, who was left cursing an event that had occurred 
more than 3,000 miles away. 
5. 13 August 1868 – Arica, Peru (now part of Chile) (Magnitude 9 on the Richter scale) 
Hawaii also felt the force of the tsunami created by this pacific basin earthquake, but here the 
destruction was just as heavy in South America with the city of Arequipa destroyed and 25,000 
killed. The quake was felt as far away as La Paz in Bolivia. Four hours after the first shocks, 
waves as high as 16 meters inundated the coast and carried one US gunboat two miles inland to 
rest precariously on the edge of a 60m cliff. 
6. 26 January 1700 – North Pacific coast of America (Magnitude 9 (estimated) on the 
Richter scale) 
The only North American account of one of the continent's largest earthquakes comes from 
the oral history of Native Americans near Vancouver Island which describes how the large 
community of Pachena bay was wiped out by a huge wave. Across the pacific, the quake was 
accurately recorded by Japanese observers of the large tsunami that struck Japan on 27 January 
1700. The power of that inundation has been used by historians and seismologists to pinpoint the 
magnitude of the Vancouver quake. 
7. 27 February 2010 – off Bio-Bio, Chile(Magnitude 8.8 on the Richter scale) 
The region around Concepción has been recorded as a centre for seismic shocks since the 
16th century, but few have been as devastating as the early morning quake that generated a 
Pacific-wide tsunami and cost the lives of 521 people. With a further 12,000 injured and more 
than 800,000 left homeless, Chile was left reeling at the scale of a disaster that would cost the 
nation $30bn by the end of 2010. 





8. 13 January 1906 – coast of Ecuador (Magnitude 8.8 on the Richter scale) 
Emanating from the ocean off Ecuador and Colombia, the quake generated a tsunami that 
killed between 500 and 1,500 people along a coastline from Central America to San Francisco. 
To the west in Hawaii, rivers suddenly drained about 12 hours after the first shocks, then were 
submerged as a series of successively larger waves flooded the coast. 
9. 1 November 1755 – Lisbon(Magnitude 8.7 on the Richter scale) 
The near-total destruction of Lisbon and the deaths of a quarter of the city's population were 
caused by an earthquake, followed by a tsunami and fire, which was felt in North Africa, France 
and northern Italy. In the age of enlightenment, the cultural impact of the quake spread even 
further afield as the horrors of Lisbon provided inspiration for sensationalist artworks and 
philosophical tracts. Voltaire penned a poem on the catastrophe and scientists found a wealth of 
written first-hand accounts to advance their understanding of the physical world. 
10. 15 August 1950 – Assam-Tibet(Magnitude 8.6 on the Richter scale) 
Seventy villages simply disappeared in the string of disasters generated by an earthquake 
with an epicentre in Tibetan Rima but which wrought most destruction in India's Assam state. 
Across the region, landslides claimed the lives of 1,526 people and rendered parts of the 
landscape unrecognizable from the air. The quake was followed by severe flooding, and eight 
days after the first tremors a natural dam on the Subansiri River burst, releasing a seven-meter 
wall of water against nearby villages. Near the epicentre of the quake, witnesses mentioned 
"explosive sounds" that seemed to come from high in the air, while seismologists as far away as 
England and Norway noted "oscillations" in lakes. 
2.6. Earthquake in state Palestine 
Palestine is regarded as being in a moderate earthquake zone. The area is affected mainly by 
seismic activity along the Syrian-African fault (the Jordan Valley, Dead Sea, and Gulf of Eilat). 
Near Sharm-El Sheikh in Sinai, some 300 km south of Eilat, there is currently an active seismic 
zone which, fortunately, is of little importance due to its distance from centres of Palestinian 
population and industry. Palestine may also be affected by earthquakes in the Mediterranean, or 
in Turkey. Most earthquakes which have occurred in the Mediterranean during this century have 
not left any significant effects. However a tsunami could cause some damage in the Haifa areas 
as show in Figure 2-2. 
In recent years seismic studies have improved, due to the installation of more sophisticated 
equipment (seismographs and accelerometers). The measurement of accelerations indicates that 
the geological structure of Palestine generates faster attenuation than assumed earlier. However, 
other evidence, concerning the activity of secondary faults, besides the one in the Jordan Valley, 
may indicate a higher level of activity than previously thought. Palestine is located between the 
Arabian and African plates (Figure 2-3). With its developed infrastructure and dense urban areas, 
Palestine is highly vulnerable to earthquake events. Till now there is no seismic code for 
designing buildings, but otherwise engineers design buildings on national and international 
building code where they not subordinate under certain regulation for Palestine Researcher ity 
Yankelevsky, (2008). 
There are two active faults in Palestine: 





 The Dead Sea rift along the African-Arab fault 
 The Carmel faults. 
This Study shows the Effect of the Dead Sea Rift along the African-Arab Active Fault on 
Gaza city as a case study. 
In the last thousand years, a strong earthquake event took place in the area averagely every 
one hundred years. There were thousands of victims as a result of the 1837 earthquake that took 
place in the northern part of Palestine. Almost a hundred years later, the 1927 earthquake 
resulted in hundreds of victims and a lot of damage to the urban areas around Jerusalem. 
 
Figure ‎2-2: the Palestine earthquake map Al-Dabbeek, J. (2007). 
2.6.1. Dead Sea fault: 
The Dead Sea fault (DSF) poses a seismic threat to the population centres in its vicinity. The 
fault system accommodates the left-lateral motion between the Sinai sub plate and the Arabian 
plate (Figure 2-3). It is about 1,200 km long and connects the Taurus-Zagros compressional front 
in the north, to the extensional zone of the Red Sea in the south. Over the past few million years 
tectonic movements have shaped the Dead Sea Fault system. The Dead Sea fault comprises 
several major basins connected by large faults. The Dead Sea basin is the largest one. The total 
tectonic motion is primarily left-lateral strike-slip and estimated to be approximately 5 mm per 
year Yankelevsky,( 2008). 
2.6.2. Dead Sea Fault Characteristics 
The Dead Sea Fault Zone is divided into 4 segments (As shown in Figure 2-4): 
 S1: Ghab Valley segment. 
 S2: Missyf Graben segment. 
 S3: Lebanon Bend segment. 
 S4: Jordan &Araba Valley segment. 





2.6.3. Historical Seismicity In Palestine 
 Majority of historical seismicity in Palestine is concentrated along the Dead Sea Fault. 
 Many other strike/slip faults (e.g. Carmel). 
 Large (>7 Mw) historical events include the (Mw 7.1) 1837 Safed earthquake and the 
(Mw 7.3) 1995 Gulf of Aqaba earthquake. 
 Epicentre map of historical earthquakes, from “Earthquake Hazard Assessments for 
Building Codes” (relemr-merc.org). 
 
Figure ‎2-3: location of Palestine between two plates 






Figure ‎2-4: The Dead Sea Fault Zone segments Dawber. (2012). 
2.7. Relevant Studies In World 
The research of liu, H., ET AL. (2011) focused on, novel precursory wave detector by using 
liquid-suspension principle and super-low-frequency 9(SLF) sound signal detection technology 
in submarine is presented, then the device of earthquake precursory wave detection and the 
corresponding software are developed. The detection devices were placed respectively in Ziwu, 
Qianling and Louguan in Shaanxi Province, in more than a year, all the SELF-acceleration 
signals was recorded continuously in real-time; a contrast analysis was made between the 
abnormal precursory waves and the following earthquake events. The results show that the 
accuracy, sensitivity and specificity of this method in earthquake prediction are 72.08%, 39.06% 
and 81.73%, respectively. 
Previous research has shown that plenty of tiny dislocation or rupture emerges in the 
epicentre and the neighboring medium shell before a great earthquake happens. Connection of a 
large number of tiny rupture and further development of the dislocation will lead to bigger 
rupture and greater dislocation. Before the main rupture, there will be a long time creep and 
grind of the fault, the crack becomes unstable and expand, which eventually cause an earthquake. 
Before an earthquake, there will be a slow and steady expansion and unceasing secondary 
rupture or tiny rupture of the fault. The creep and grind of the rupture and fault may be the origin 
of the precursor waves, which have close relationships with the main rupture of the earthquake. 
There are still many problems worthy of further improvement and discussion: 





Under the support of earthquake monitoring centre of Shaanxi Earthquake Bureau, 
earthquake precursor wave recording devices based on liquid-suspension principle were placed 
at Ziwu, Qianling, Louguan respectively and continuous signal recording had been implemented 
for over a year. Comparing with the propagation speed of the precursor waves, the three data 
collection stations are too close to each other, which have a certain impact on locating the 
epicentre. Accordingly, recording devices were relocated in Gansu, Henan, Sichuan and Shaanxi, 
which are relatively far away from each other. The new data recording process has started from 
July 21, 2011. 
Due to lacking a solid theoretical basis about the amplitude of the precursor wave, the 
magnitude that might trigger it, and the epicentre locating problem, combined with existing 
research results and the actual situation, several standards are put up before preprocessing. The 
user-defined standards may affect the final prediction accuracy. 
Although there are many shortcomings in this study, precursor waves with ultra low-
frequency are recorded by self-designed devices, and a new signal processing algorithm and 
classification algorithm are applied. Certain conclusions are obtained for the reference of fellows 
in China or abroad. 
The research of Faidi, R. (2007) paper focused on testing earthquake prediction methods 
requires statistical techniques that compare observed success to random chance. One technique is 
to produce simulated earthquake catalogs and measure the relative success of predicting real and 
simulated earthquakes. The accuracy of these tests depends on the validity of the statistical 
model used to simulate the earthquakes. This study tests the effect of clustering in the statistical 
earthquake model on the results. Three simulation models were used to produce significance 
levels for a VLF earthquake prediction method. As the degree of simulated clustering increases, 
the statistical significance drops. Hence, the use of a seismicity model with insufficient 
clustering can lead to overly optimistic results. A successful method must pass the statistical tests 
with a model that fully replicates the observed clustering. However, a method can be rejected 
based on tests with a model that contains insufficient clustering. 
The Conclusions of study is The Poisson, empirical, and FOA models each simulate aspects 
of the earthquake data and do successively better jobs of simulating the clustering in the 
observed earthquake data. The best measure of the p-value will come from the best simulation of 
the earthquake data. Results for all three models have been presented to illustrate how the choice 
of model affects the estimated p-value. Marenko 1989 used the Poisson model which is the 
weakest of the three. 
The research of Abulnour, A. H. (2014) focus on concept of disaster management enables the 
appropriation of actions in complex and confusing disaster scenarios. In Egypt, the situation calls 
for the adoption of efficient disaster management policies which take into consideration the 
attentive allocation of resources to alternative and competing demands. 
The main aim of this paper is to investigate routes to a better management of disasters in 
Egypt. The discussion commences by defining and classifying disasters. The paper then focuses 
on investigating the concept of disaster management progressively, the discussion depicts the 
concept of ’disaster management programs. Having laid down the research foundation, the paper 





proceeds to enumerate the different types of disasters to which Egypt is susceptible. This is 
accompanied by a general depiction of the problem affronting disaster management in Egypt. 
The paper strives to find solutions to the disaster management problem in Egypt by 
proposing a set of guidelines. Such guidelines are formulated in the trial to overcome the clearly 
undermined disaster management procedures in the country. In correspondence to such 
guidelines, the paper recommends the attentive study and examination of a particular set of 
considerations in order to ensure the sound implementation of the deduced guidelines. To give 
the discussion a practical sense, the paper applies its deduced guidelines and recommended 
considerations to an important disaster management activity; the provision of temporary 
settlements. The main goal is to demonstrate the applicability of the guidelines along with the 
recommended considerations in order to achieve beneficial outcomes on the economic, socio-
cultural and ecologic multidisciplinary levels. 
The research of Wu, D., et al. (2015) focus on Wenchuan earthquake that occurred in China 
in 2008 caused extensive damage and loss of life and property. Comparison of the vulnerabilities 
between former and current reinforced concrete (RC) frame structures after the 2008 Wenchuan 
earthquake was performed in order to minimize of future losses in the paper. A formal 
representative type of damaged RC frame building in Wenchuan County was studied by 
nonlinear finite element method (FEM). Probabilistic seismic demand models (PSDM) for RC 
frame structures was built to assess the safety levels of the former and the current RC frame 
buildings. The fragility curves for immediate occupancy (IO), significant damage (SD), and 
collapse prevention (CP) damage levels of the two RC frame buildings were compared and 
analyzed. The result indicates the safety levels of the current RC frame building are well 
improved compared to the former RC frame building before the 2008 Wenchuan earthquake in 
China. 
The research of Ben-Menahem, A., et al. (1976) assumed the purpose of this study was to 
unveil the tectonics and seismicity, S-wave velocity structure and inelastic behavior with depth 
of the earth's crust in the continental Near East. To this end, we have analyzed body wave phases 
and surface-wave signals from 47 earthquakes in the magnitude range 3.5–6.5 that were 
originated and recorded in (or close to the margins of) the Near East during 1927–1974. First 
motions, P- and S-waveforms, radiation patterns of crustal Love and Rayleigh waves, spectral 
amplitudes, dispersion and travel-time data as well as geologic, morphologic and historical data 
were used in unison to provide information on tectonic patterns, slip rates and the inelastic 
properties of the crust. Most of the numerical algorithms and inversion routines that have been 
generated during the computer era were utilized. In this sense, this is the first experimental effort 
in which both amplitude and phase data were simultaneously inverted over a broad frequency 
range to yield information on both source and structural parameters in one stroke. 
We found a rather sharp Moho discontinuity with average thickness of 32–35 km underlying 
the continental crust. The crust contains cracks and pressurized water to a depth of about 20 km. 
below this depth the rock becomes ductile. This accounts for a confinement of seismic activity in 
the upper crust, the low values of the Poisson ratio (0.18–0.21) at 20–25 km and the 
low Q values there. 





Crustal shear velocities in Sinai and the Levant fracture zone are significantly higher than the 
corresponding velocities in the eastbound section Elat-Zagros foothills. 
Fault-plane solutions and kinematic source parameters of 15 earthquakes since 1927 together 
with a critical examination of historical seismicity during the last 4,000 years, were used to 
unveil the major tectonic features of the junction zone. The main results are: 
1. The fault systems in the Afro-Eurasian junction (apart from its northern end) have a 
dominantly left-lateral strike-slip component, transforming the opening motion of the 
ridge-like Red Sea into a collision zone of the Alpine mountain belt. In this region the 
edges of the coherent Arabia and Africa plates break up in the neighborhood of their 
boundary as they approach the region of continental collision with the Eurasian plate. 
This breakup consists of gradual loss of coherency and deterioration of its rigidity as 
more and more deformation is taken up by the branching faults. 
2. The Sinai region should not be considered a separate plate, but rather a splinter of the 
African plate, which is breaking up incoherently as it approaches the zone of collision. It 
is probably useless to try to find its western boundary. 
3. The Dead Sea fault — a source for many biblical and post-biblical earthquakes in the 
last four millennia— was definitely outlined. It has an estimated mean rate of activity of 
two events per century at magnitudes from 6 to 7. An aseismic slip rate of at least 3 
mm/year is taking place along this fault. 
2.8. Previous Studies In Palestine 
Al-Dabbeek, J. (2007). focused on the historical and instrumental earthquake studies in 
Palestine demonstrate that damaging earthquakes, mainly along the Jordan-Dead Sea fault, have 
caused in several cases severe devastation and many hundreds and sometimes thousands of fatal 
casualties. Therefore, it is of prime importance to search for seismic risk mitigation in the 
Palestinian urban areas. Land-use planning represents an attempt to reduce the number of 
conflicts and adverse environmental impacts in relation to both society and nature. It involves, in 
the first instance, the collection and evaluation of relevant data from which plans can be 
formulated. The aim of this work is the estimation of local site effects caused by the geological 
conditions and the evaluation of their influence on seismic ground motion. This literature 
concluded that with the importance of understanding the history 
Al-Dabbeek, J. (2007).  Considered on there are a number of challenges in the field of 
Disaster Risk Reduction (DRR), notably natural hazards such as earthquakes, floods, 
desertification and droughts. Seismological studies show that there is a high probability of 
damaging earthquakes occurring in the region. At the same time, engineering studies show that 
seismic vulnerability of common buildings and infrastructures in the oPt is high. Major events 
triggered by climate changes and seismic activities may become trans-boundary. The objectives 
of this paper are to help establish a profile of DRR in the oPt and further help identify the needs 
of the oPt in the field of disaster risk reduction and management. In addition to the risk 
assessment, a review of existing legislation, capacities and shortages in various areas of needs, 
strengths and weaknesses in all elements of DRR plus institutional mechanisms towards disaster 
preparedness and prevention has been carried out. National and international initiatives toward 
DRR and case studies of (best) practices in the oPt were also reviewed. Historic data on recorded 





disaster related incidents pertaining to the number of people killed, the number of people 
affected and the economic loss incurred provides the main criteria for the risk assessment. 
Alarifi, A. S., et al. (2012) focused on predicate earthquakes using simple observations such 
as strange or atypical animal behavior. In this paper, Alarifi, et al study data collected from past 
earthquakes to give better forecasting for coming earthquakes. Alarifi, et al propose the 
application of artificial intelligent prediction system based on artificial neural network which can 
be used to predicate the magnitude of future earthquakes in northern Red Sea area including the 
Sinai Peninsula, the Gulf of Aqaba, and the Gulf of Suez. Alarifi, et al present performance 
evaluation for different configurations and neural network structures that show prediction 
accuracy compared to other methods. The proposed scheme is built based on feedforward neural 
network model with multi-hidden layers. Regarding to Alarifi, et al study the neural network 
model provides higher forecast accuracy than other proposed methods. Neural network model is 
at least 32% better than other methods. This is due to that neural network is capable to capture 
non-linear relationship than statistical methods and other proposed methods. 
Karcz, I. And KafriU. (1978). study of major earthquake occurrence along the Dead Sea 
transform (35.5°–36.5° E; 27.2°–37.5° N) during the past four millennia has been attempted. 
Geological, archaeological, biblical, historical, and seismological evidence were integrated in an 
effort to quantify the space-time distribution of seismicity in the said province. The overall 
earthquake activity in the conterminous Near East indicates a stable pattern and appeared to have 
been stationary over the examined time window. About 110 earthquakes in the magnitude range 
6.7 ≤ ML ≤ 8.3 affected the area during the past 2500 years. Of these, 42 originated along the 
Dead Sea fault system itself, while 68 were imported from the Hellenic-Cyprian arcs and the 
Anatolia-Elburz-Zagros fault systems. These events were responsible for the repeated destruction 
of many cultural centres. In the Dead Sea region proper, the major seismic activity since 2100 
B.C.E. (Before Christian Era), has been confined to the vicinity of its eastern shore with extremal 
seismicity at its southern tip near the prehistorical site of Bab-a-Dara'a (31° 15'N, 35° 32'E). This 
may constitute the first solid evidence that the Biblical “cities of the Plain” (Sodom, Gommorah, 
etc.) were located there. Recent studies of earthquake deformations in the Lisan deposits near 
Bab-a-Dara'a, agree with our findings. At the present time, a magnitude 6¾ earthquake is 
pending at the northern edge of the Levant rift, with its average recurrence interval (83 years) 
exceeded by one standard deviation (32 years). 
Arieh, E. and N. Rabinowitz (1989) focused on The earthquake hazard in Israel is assessed 
on the basis of the Cornell-McGuire probabilistic approach using the available set of 
instrumental and historical regional earthquake data. A horizontal peak ground acceleration 
probability map is presented, based on a proposed seismicity model, earthquake source zonation 
and the application of the Joyner-Boore attenuation relationship. The present results differ from 
those previously obtained owing to the technique used, the incorporation of a greater amount of 
instrumental data and the use of a more appropriate attenuation relationship. For the first time 
regional earthquake hazard analysis incorporates the active Carmel and Farah faults; this alters 
the risk estimate and is important considering their proximity to densely populated and 
industrialized areas. An approximate sensitivity analysis is carried out for main model input 
parameters with inherent uncertainties. 





Karcz, I. and U. Kafri (1978) Studies of ancient seismicity in the Levant are based on the 
interpretation of biblical, ecclesiastic and historical chronicles, all of which are plagued by 
exaggeration and misinterpretation. To verify the occurrence of such ancient earth-tremors, 
archaeological archives in Israel were searched for reports and evidence of ancient catastrophic 
damage, attributable to earthquakes. Literature and response to questionnaires revealed about 20 
sites at which features of ancient destruction were assigned a seismic origin. The actual field 
evidence included horizons of total destruction, and mainly features of fracturing (joints, 
fissures, cracks and faults), tilting and subsidence, directed collapse and parallel alignments of 
fallen columns and masonry. About 75% of these sites lie within or near to the Dead Sea-Jordan 
Rift, confirming the seism-organic nature of this zone. In spite of their significance and 
usefulness, the archaeo seismic data cannot be employed as an entirely independent technique for 
the verification of ancient chronicles and the study of past seismicity. In addition to problems of 
operator's bias, and bias due to historic information, the critical examination of field evidence 
cited in support of ancient seismicity has shown that the individual features are difficult to 
distinguish from features of damage due to poor construction and adverse geotechnical effects. It 
is essential therefore, in the description of ancient damage and of consideration of its origin, to 
maintain a proper balance between geological, geomorphological and geotechnical factors on 
one hand, and historic, anthropogeographic and archaeological factors on the other. 
2.9. Previous Studies In Gaza City 
The research of Shurrab. S.(2013) assume that Work introduces a new approach for 
assessment of existing school buildings in Gaza Strip against seismic hazards. The proposed 
approach is simple, straightforward and based on studies that deal with seismic requirements for 
school building in terms of resisting expected seismic action. Although it can be implemented by 
a small team from various technical construction backgrounds, it complies with the latest 
developments in seismic evaluation standards. 
The approach has been developed based on EMS-98 scale and previous local/regional related 
studies. The proposed approach depends mainly on rapid survey of architectural and structural 
elements of existing concrete buildings that should satisfy minimum seismic requirements. The 
results led to classifying buildings to vulnerability classes based on EMS-98 scale and damage 
degree. The research covers evaluating three samples of the dominant structural systems of 
school buildings in Gaza Strip using ASCE 03-31 and carrying out a comparative study with the 
results obtained from the proposed approach. Studying all existing school buildings in Gaza Strip 
(420 buildings) would consume a lot of time and effort. Therefore, the researcher suggests using 
Arc-GIS software to select representative school buildings for application of the new approach. 
After verifying the validity of using the proposed approach by applying it on more than 64 
case studies based on EMS-98, the results showed that 70% of surveyed schools are Classified as 
seismically vulnerable (50% class “B”, 20% class” A”) . The major educational governorates of 
Gaza Strip might expect full or partial damages (31 % of Gaza, 34% for Middle Area, 37.5% for 
Rafah, 27% for KhanYounis , 25% for North Gaza) at low damage degree (damage three) 
defined by EMS-98 scale. Applying ASCE 03/31 standard on selected structural system of 
existing school in Gaza Strip, show that these systems are vulnerable to “captive column” 
phenomena, which reflect low performance against seismic action. 





The proposed approach results have been verified using the probability matrix damage 
equation and showed convergence in the results. Different scenarios have been prepared for the 
expected damage based on earthquake damages defined in EMS-98. The results are expected to 
shed the light on the importance of carrying out similar studies on public buildings as well as 
essential.






















3. Chapters 3: Seismic Risk management 
Many explanations and definitions of risks and risk management have been recently 
developed, and thus it is difficult to choose one which is always true. Each Researcher provides 
his own perception of what risk means and how to manage it. The description depends on the 
profession, project and type of business. 
Risk Management in general is a very broad subject and definitions of risk can therefore 
differ and be difficult to apply in all industries in general. For the purpose of this thesis one 
definition of risk and risk management will be chosen, in order to have a clear understanding of 
these concepts in construction industry Samson, S., Reneke, J, and Wiecek, M, 2009. 
3.1. Risk Management 
Risk and uncertainty are the two most often used concepts in the literature covering risk 
management field. Although these terms are closely related, a number of Researcher s 
differentiate between them Samson, S., Reneke, J, and Wiecek, M, 2009. Also practitioners 
working with risk have difficulty in defining and distinguishing between these two. Often 
definitions of risk or uncertainty are tailored for the use of a particular project. There are a 
number of definitions of risk and uncertainties. A number of definitions have been compiled and 
are presented in Table 3.1. 
All risk definitions complied in Table 3.1 describes risk as a situation where lack of some 
aspect can cause a threat to the project. Lack of information and knowledge are those factors 
which are most commonly mentioned by all the Researcher s as leading reasons for a failure. The 
description provided by Cleden, D., (2009).will best fit the purpose of this paper; it concerns 
how risk is defined as a gap in knowledge which, if not handled correctly, will constitute a threat 
to the project. Uncertainty is defined in a more abstract way. The descriptions provided in Table 
3.1 are similar to each other and the common factor is again lack of information and knowledge. 
The biggest difference by definition is awareness. For the purpose of this chapter, the definition 
of uncertainty provided by Cleden, D., (2009) will be used. These two chosen definitions best 
show the difference between risk and uncertainty and help to be consistent with terminology in 
the paper. Darnall, R. And Preston, J.M., (2010). find some of the risks to be predictable and 
easy to identify before they occur, while the others are unforeseeable and can result in 
unexpected time delays or additional costs. This statement finds confirmation in the definition 
provided by Cleden, D., (2009) who uses the same arguments defining uncertainty as rather 
unpredicted, unforeseeable events, while risk should be possible to foresee. The overview of 
definitions which can be found in literature regarding those two terms implies that uncertainty is 
a broad concept and risk is a part of it. This confirms close relation between those two concepts 
but at the same time distinguishes them. 
 Smith et al. (2006) provide a comprehensive description of the concept of risk management 
and how it can be used in practice. According to the Researcher s, risk management cannot be 
perceived as a tool to predict the future, since that is rather impossible. Instead, they describe it 
as a tool to facilitate the project in order to make better decisions based on the information from 
the investment. In this way, decisions based on insufficient information can be avoided, and this 
will lead to better overall performance. In the literature, risk management is described as a 
process with some predefined procedures. The scope of its definition differs among the 





Researcher s; however the core information is the same. From a number of definitions which can 
be found in the management literature Cooper et al.,(2005) explanation brings the essence of this 
concept: 
“The risk management process involves the systematic application of management 
policies, processes and procedures to the tasks of establishing the context, identifying, 
analyzing, assessing, treating, monitoring and communicating risks (Cooper et al., 
2005).” 
Table ‎3-1: Definitions of risk and uncertainty 
Researcher : Risk definition Uncertainty definition 
Winch, G., (2002). A stage where there is a 
lack of information, but by 
looking at past experience, it 
is easier to predict the future. 
Events where the outcome is 
known and expected. 
Uncertainty is a part of the 
information required in order 
to take a decision. The 
required information consists 
of the amount of available 
information and uncertainty. 
The level of uncertainty will 
decrease the further a project 
is proceeding throughout the 
lifecycle. 
Cleden, D., (2009). Risk is the statement of 
what may arise from that lack 
of knowledge. Risks are gaps 
in knowledge which we think 
constitute a threat to the 
project. 
Uncertainty is the 
intangible measure of what we 
don’t know. Uncertainty is 
what is left behind when all 
the risks have been identified. 
Uncertainty is gaps in our 
knowledge we may not even 
be aware of. 
Smith et al. (2006) Risks occur where there is 
some knowledge about the 
event. 
There might be not enough 
information about the 
occurrence of an event, but we 
know that it might occur. 
Webb, A., (2003) Risk is a situation in which 
he possesses some objectives 
information about what the 
outcome might be. Risk 
exposure can be valued either 
positively or negatively. 
Uncertainty is a situation 
with an outcome about which 
a person has no knowledge. 
Darnall, R. And Preston, J.M., 
(2010). 
Risk is a possibility of loss 
or injury. 
 
Cooper et al. (2005) Risk is exposure to the 
consequences of uncertainty. 
 
Risk management process (risk management process) is the basic principle of understanding 
and managing risks in a project. It consists of the main phases: identification, assessment and 
analysis, and response Smith et al.( 2006) as shown in Figure 3.1 All steps in risk management 





process should be included when dealing with risks, in order to efficiently implement the process 
in the project. There are many variations of risk management process available in literature, but 
most commonly described frameworks consist of those mentioned steps. In some models there is 
one more step added, and the majority of sources identify it as risk monitoring or review. For the 
purpose of this paper the model of risk management process described by Smith et al.(2006) will 
be used for further analysis and will be further explained in the following section. 
3.2. Benefits Of Risk Management 
To maximize the efficiency of risk management, the risk management process should be 
continuously developed during the entire project. In this way, risks will be discovered and 
managed throughout all the phases Smith et al. (2006). The benefits from risk management are 
not only reserved for the project itself, but also for the actors involved. The main incentives are 
clear understanding and awareness of potential risks in the project. In other words, risk 
management contributes to a better view of possible consequences resulting from unmanaged 
risks and how to avoid them. Thomas, P.,( 2009).Another benefit of working with risk 
management is increased level of control over the whole project and more efficient problem 
solving processes which can be supported on a more genuine basis. It results from an analysis of 
project conditions already in the beginning of the project. Perry, J., (1986) The risk management 
also provides a procedure which can reduce possible and sudden surprises Cooper et 
al.,(2005).Different attitudes towards risk can be explained as cultural differences between 
organizations, where the approach depends on the company's policy and their internal procedures 
Webb, A., (2003). Within the risk management, three company’s approaches can be 
distinguished. 
The first one is the risk-natural firm which does not invest much in risk management but is 
still aware of the most important risks. The second approach is the risk-averse, where no 
investments are made in order to reduce the probability of occurrence of risk. The last one is the 
risk-seeker where the organization is prepared to face all risks and is often called gambler. In the 
long term, the risk-seeking companies can get a lower profitability compared to risk-natural 
firms. This is because of the large investments and losses when repeating the risk management 
processes over and over again to ensure all risks have been managed before the risks actually 
occurs Winch, G., (2002). 






Figure ‎3-1: The Process of managing risks Smith et al. (2006) 
3.3.  Limits Of Risk Management 
The level of risk is always related to the project complexity Darnall, R. And Preston, J.M., 
(2010).The fact that there are so many risks which can be identified in the construction industry, 
can be explained by the projects‟ size and their complexity. The bigger the project is, the larger 
the number of potential risks that may be faced. Several factors can stimulate risk occurrence. 
Those most often mentioned in the literature are financial, environmental (the project’s 
surrounding, location and overall regulations), time, design and quality. Other influences on the 
occurrence of risk are the level of technology used and the organization’s risks Gould, F. and 
Joyce, N, (2002). 
Cleden, D., (2009).claims that complexity is a factor that can limit a project; the bigger and 
more complex a project is, the more resources are required to complete it. Moreover, when all 
potential risks have been identified, the project team must remember that there might be more 
threats. Therefore, the project team should not solely focus on management of those identified 
risks but also be alert for any new potential risks which might arise. Risk Management should be 
used as a tool to discover the majority of risks and a project manager should be also prepared for 
managing uncertainties not included in a risk management plan Cleden, D., (2009). 
3.4.  Risks In Construction Projects 
Due to the nature of the construction sector, risk management is a very important process 
here. It is most widely used in those projects which include high level of uncertainty. These types 
of risk investments are characterized by more formal planning, monitor and control processes. 
The easiest way to identify risk is to analyze and draw a conclusion from projects which failed in 















all actors across the project life cycle (PLC) should be considered Cleland. D. I. (1995).In the 
early stages of the project where planning and contracting of work, together with the preliminary 
capital budget are being drawn, risk management procedures should be initiated. In later stages, 
risk management applied systemically, helps to control those critical elements which can 
negatively impact project performance. In other words, to keep track of previously identified 
threats, will result in early warnings to the project manager if any of the objectives, time, cost or 
quality, are not being met Tummala, V. and Burchett J., (1999). 
There are a number of risks which can be identified in the construction industry and which 
can be faced in each construction project regardless of its size and scope. Changes in design and 
scope along with time frames for project completion are the most common risks for the 
construction sector. The further in the process, changes in scope or design are implemented, the 
more additional resources, time and cost, those changes require. Project completion ahead of 
time may be as troublesome as delays in a schedule. Too quick completion may be a result of 
insufficient planning or design problems which in fact shorten the completion time but on the 
other hand lead to a low quality of final product and increased overall cost. Being behind 
schedule generates greater costs for both investors and contractors due to non-compliance with 
contracted works Gould, F. and Joyce, N, (2002). And thus it is important to keep a balance in 
the concept of time-cost-quality tradeoff, which more widely is becoming an important issue for 
the construction sector Zhang H. And Xing F.,( 2010) Depending on the project scope, types of 
risks may differ among investments.  
3.5. The Risk Management Process 
As mentioned above, a risk management process described by Smith et al. (2006) has been 
chosen for the purpose of this paper. This section will further explain the risk management 
process, its four stages and how it can be used in managing risks. 
3.5.1. Risk Identification 
Winch, G., (2002) claims that the first step in the risk management process is usually 
informal and can be performed in various ways, depending on the organization and the project 
team. It means that the identification of risks relies mostly on past experience that should be used 
in upcoming projects. In order to find the potential risks, an allocation needs to be done. This can 
be decided and arranged by the organization. In this case, no method is better than another, since 
the only purpose is to establish the possible risks in a project. Risks and other threats can be hard 
to eliminate, but when they have been identified, it is easier to take actions and have control over 
them. If the causes of the risks have been identified and allocated before any problems occur, the 
risk management will be more effective PMI, (2004). Risk Management is not only solving 
problems in advance, but also being prepared for potential problems that can occur unexpectedly. 
Handling potential threats is not only a way to minimize losses within the project, but also a way 
to transfer risks into opportunities, which can lead to economical profitability, environmental and 
other advantages Winch, G., (2002). The purpose of identifying risks is to obtain a list with 
potential risks to be managed in a project PMI, (2004). In order to find all potential risks which 





might impact a specific project, different techniques can be applied. It is important to use a 
method that the project team is most familiar with and the project will benefit from. The aim is to 
highlight the potential problems, in order for the project team to be aware of them. Researcher s 
describe many creative alternative methods. To systematize this process, all the methods which 
can be found in the literature have been put together in Table 3.2 Smith et al.(2006); Lester, A., 
(2007).; PMI, (2004) 
Table ‎3-2: Risk identification techniques 








Risk breakdown structure 
Visit locations 
Documentation Databases, historical data from similar projects 
Templates 
Checklists 
Study project documentation (plan, files etc.) 
Study specialist literature 




Lists with potential problems are created on different bases and are tailored for a certain 
project individually. In the literature, examples of risks can be found which can be used in 
creating those compilations. Possible risks which can be found in the literature are combined in 
Table 3.3Smith et al. (2006); Potts, K., (2008).; Lester, A., (2007).; Bing, et al, (2005); Webb, 
A., (2003); Darnall, R. And Preston, J.M., (2010).; Edwards, L., (1995); Jeynes, J., (2002). 
3.5.2. Risk Analysis 
Risk analysis is the second stage in the risk management process where collected data about 
the potential risk are analyzed. Risk analysis can be described as short listing risks with the 
highest impact on the project, out of all threats mentioned in the identification phase Cooper et 
al.,(2005). Although some researchers distinguish between terms risk assessment and risk 
analysis and describe them as two separate processes, for the purpose of this paper, this part of 
risk management process will be consistent with the model provided by Smith et al.(2006) and 
described as one process. In the analysis of the identified risk, two categories of methods – 
qualitative and quantitative – have been developed. The qualitative methods are most applicable 
when risks can be placed somewhere on a descriptive scale from high to low level. The 





quantitative methods are used to determine the probability and impact of the risks identified and 
is based on numeric estimations Winch, G., (2002). Companies tend to use a qualitative approach 
since it is more convenient to describe the risks than to quantify them Burns, N., and Grove. S. 
(1997). In addition, there is also one approach called semi-quantitative analysis, which combines 
numerical values from quantitative analysis and description of risk factors, the qualitative 
method Cooper et al.,(2005). However, this approach will not be further addressed in this paper. 
Within the quantitative and qualitative categories, a number of methods which use different 
assumptions can be found, and it may be problematic to choose an appropriate risk assessment 
model for a specific project. The methods should be chosen depending on the type of risk, 
project scope as well as on the specific method’s requirements and criteria. Regardless of the 
method chosen, the desired outcome of such assessment should be reliable Burns, N., and Grove. 
S. (1997) . Perry, J., (1986). mentions that the selection of the right technique often depends on 
past experience, expertise, and nowadays it also depends on the available computer software. 
Burns, N., and Grove. S. (1997) explains a number of factors that can influence the selection of 
the most appropriate methods in the risk assessment for the right purpose. It is up to each 
organization to decide which of these factors are the most critical for them and develop the 
assessment accordingly. In a survey conducted by Burns, N., and Grove. S. (1997), many factors 
were discovered, and the most important ones are listed below 
































 Cost of using the method, both the employment cost and the method itself 
 Adaptability, the need of adapting to the organization’s requirement 
 Complexity, how limited and simple the method is  
 Completeness, the method needs to be feasible 
 Usability, the method should be understandable to use 
 Validity, the results should be valid  
 Credibility 
3.5.3. Risk Response 
This third step of the risk management process indicates what action should be taken towards 
the identified risks and threats. The response strategy and approach chosen depend on the kind of 
risks concerned Winch, G., (2002). Other requirements are that the risk needs to have a 
supervisor to monitor the development of the response, which will be agreed by the actors 
involved in this risk management process. PMI, (2004) Winch, G., (2002)claims that the lower 
impact the risk has, the better it can be managed. Most common strategies for risk response are: 
avoidance, reduction, transfer and retention Potts, K., (2008). Beyond those types of responses, 
Winch, G., (2002) describes that sometimes it is difficult to take a decision based on too little 
information. This may be avoided by waiting until the appropriate information is available in 
order to deal with the risk. This way of acting is called ‘Delay the decision’ but this approach is 
not appropriate in all situations, especially when handling critical risks. Those need to be 
managed earlier in the process. 
3.5.4. Risk Review 
This final step of risk management process is vital since all information about the identified 
risks is collected and monitored Winch, G., (2002). The continuous supervision over the risk 
management process helps to discover new risks, keep track of identified risks and eliminate past 
risks from the risk assessment and project PMI, (2004). PMI (2004) also states that the 
assumptions for monitoring and controlling are to supervise the status of the risks and take 
corrective actions if needed. Tools and techniques used to risk monitor and control may bePMI, 
(2004): 
 Risk reassessment – identification of new potential risks. This is a constantly repeated 
process throughout the whole project. 
 Monitoring of the overall project status – are there any changes in the project that can 
effect and cause new possible risks?  
 Status meetings – discussions with risk’s owner, share experience and helping managing 
the risks.  
 Risk register updates 
By managing the whole risk management process, the process can be evaluated. This is a 
method of creating a risk register where all risks and their management can be allocated in order 
to facilitate future projects PMI, (2004). This is also a way to improve the project work, since the 
advantages and disadvantages will be brought up. 





3.6.  Disaster And Emergency Management (DEM) 
The management of disaster risk provides individuals, businesses, non-government 
organizations (NGOs) and governments with a transparent, methodical and structured approach 
to identifying, controlling and acknowledging risk. It ensures that the management of risks is 
conducted in a comprehensive, balanced, and justifiable manner. Direct benefits of utilizing a 
risk management approach in a disaster context include:  
1. Saving lives and reducing injuries  
2. Protecting the natural environment  
3. Protecting the built environment, its contents and property  
4. Increasing both the absolute and relative long-term financial and functional stability 
of organizations/communities  
5. Saving money  
6. Reducing liability of the individual or entity  
7. Protecting the reputation and image of the individual or entity  
8. Ensuring a clear understanding of the risk being retained and the risk being 
transferred  
9. Enhancing the ability of an individual or entity to prepare for potential future 
circumstances (both negative and positive).  
While a deliberate focus on the management of disaster risk does not eliminate the risk, the 
quantification and clear understanding of risks faced allow an individual or entity to prioritize 
risks and take measured and measurable steps to reduce potential losses and maximize benefits. 
The question becomes how best to integrate risk management principles into the practice of 
disaster and emergency management. 
3.7. Previous Studies 
Carreño, M.-L., et al. (2007) focused on, Risk has been defined, for management purposes, as 
the potential economic, social and environmental consequences of hazardous events that may 
occur in a specified period of time. However, in the past, the concept of risk has been defined in 
a fragmentary way in many cases, according to each scientific discipline involved in its 
appraisal. From the perspective of this article, risk requires a multidisciplinary evaluation that 
takes into account not only the expected physical damage, the number and type of casualties or 
economic losses, but also the conditions related to social fragility and lack of resilience 
conditions, which favor the second order effects (indirect effects) when a hazard event strikes an 
urban centre. The proposed general method of urban risk evaluation is multi hazard and holistic, 
that is, an integrated and comprehensive approach to guide decision-making. The evaluation of 
the potential physical damage (hard approach) as the result of the convolution of hazard and 
physical vulnerability of buildings and infrastructure is the first step of this method. 
Subsequently, a set of social context conditions that aggravate the physical effects are also 
considered (soft approach). In the method here proposed, the holistic risk evaluation is based on 
urban risk indicators. According to this procedure, a physical risk index is obtained, for each unit 
of analysis, from existing loss scenarios, whereas the total risk index is obtained by factoring the 
former index by an impact factor or aggravating coefficient, based on variables associated with 
the socio-economic conditions of each unit of analysis. Finally, the proposed method is applied 





in its single hazard form to the holistic seismic risk evaluation for the cities of Bogota 
(Colombia) and Barcelona (Spain). 
The research of Meroni, F. and G. Zonno (2000) focused on, the main results of the EC-
Project SERGISAI. The project developed a computer prototype where a methodology for 
seismic risk assessment has been implemented. Standard procedural codes, Geographic and 
Artificial Intelligence Techniques compose the prototype, which permits a seismic risk 
assessment to be carried out through the necessary steps. Risk is expressed in terms of expected 
damage, given by the combination of hazard and vulnerability. Two parallel paths have been 
followed with respect to the hazard factor: the probabilistic and the deterministic approach. The 
first provides the hazard analysis based on historical data, propagation models, and known 
seismic sources. The deterministic approach provides the input for scenarios, by selecting a 
specific ground motion. 
With respect to the vulnerability factor, several systems have been taken into account apart 
from buildings, which are usually considered in this type of analysis. Defining vulnerability as a 
measure of how prone a system is to be damaged in the event of an earthquake, an attempt has 
been made to move from the assessment of individual objects to the evaluation of the 
performance of urban and regional areas. Another step towards an approach which can better 
serve civil protection and land use planning agencies has been made by adapting the analysis to 
the following geographical levels: local, sub-regional and regional .Both the hazard and the 
vulnerability factors have been treated in the most suitable way for each one, in terms of level of 
detail, kind of parameters and units of measure. In this paper are shown some results obtained in 
two test areas: Toscana in Italy, for the regional level, the Garfagnana sub-area in Toscana, for 
the sub-regional level, and a part of the city of Barcelona, Spain, for the local level. 
The research of  Whitman, R. (1973) focused on, an important element in evaluating seismic 
risk is the evaluation of the earthquake ground motions likely to be generated during future 
earthquakes. To evaluate these motions, the following geologic and seismologic input is needed: 
(1) seismic sources on which future earthquakes are likely to occur; (2) size of possible 
earthquake and frequency with which an earthquake is likely to occur on each source; and (3) 
distance and orientation of each source with respect to the site. This input is based on data 
gathered from studies of historical seismicity, evaluation of seismographic or instrumental 
records, and appropriate geologic investigations. With this input a seismic hazard evaluation can 
be performed. The procedures available at present for conducting this evaluation are outlined 
with special emphasis on the use of probabilities. The results of a probabilistic seismic hazard 
evaluation are influenced by (a) the recurrence relationship; (b) maximum magnitude derived for 
each source; (c) magnitude-rupture length (or area) relationship; (d) distance (from site to 
source) probability distribution function; and (e) attenuation relationship. Procedures for 
calculating special ordinates are also presented. Examples from practice are described, among 
them the evaluation of risk at two sites in Anchorage, Alaska. For the covering abstract of the 
conference see IRRD 287689. (TRRL) 
The research of Lantada, et al.,(2009) focused on, This article contributes to the development 
and application of two latest-generation methods of seismic risk analysis in urban areas. The first 
method, namely vulnerability index method (VIM), considers five non-null damage states, 
defines the action in terms of macro-seismic intensity and the seismic quality of the building by 





means of a vulnerability index. The estimated damage degree is measured by semi-empirical 
functions. The second method, namely capacity spectrum based method (CSBM), considers four 
no damage states, defines the seismic action in terms of response spectra and the building 
vulnerability by means of its capacity spectrum. In order to apply both methods to Barcelona 
(Spain) and compare the results, a deterministic and a probabilistic hazard scenario with soil 
effects are used. The deterministic one corresponds to a historic earthquake, while the 
probabilistic seismic ground motion has a probability of accidence of 10% in 50 years. Detailed 
information on the building design has been obtained along years by collecting, arranging, 
improving, and completing the database of the dwellings of the city. A Geographic Information 
System (GIS)has been customized allowing storing, analyzing, and displaying this large amount 
of spatial and tabular data of dwellings. The obtained results are highly consistent with the 
historical and modern evolution of the populated area and show the validity and strength of both 
methods. Although Barcelona has a low to moderate seismic hazard, its expected seismic risk is 
significant because of the high vulnerability of its buildings. Cities such as Barcelona, located in 
a low to moderate seismic hazard region, are usually not aware of the seismic risk. The detailed 
risk maps obtained offer a great opportunity to guide the decision making in the field of seismic 
risk prevention and mitigation in Barcelona, and for emergency planning in the city.
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4. Chapters 4: Methods of Seismic Evaluation 
Occurrences of recent earthquakes in all parts of the world and the resulting losses, especially 
human lives, have highlighted the structural inadequacy of buildings in terms of seismic 
resistance. The objective of these methods is to review various methods on seismic evaluation of 
existing building from different countries, the following section describe several methods to 
Evaluated the building.  
4.1. European Macro Seismic Scale (EMS) 
The European Macro seismic Scale (EMS) (Macro seismology- the European Macro seismic 
Scale 1998 (European Seismological Commission)) is the basis for evaluation of seismic 
intensity in European countries and moreover in use on most other continents. Issued in 1998 as 
update of the test version from 1992, the scale is referred to as EMS-98.The history of the EMS 
began in 1988 when the European Seismological Commission (ESC) decided to review and 
update the Medvedev-Sponheuer-Karnik scale (MSK-64), which was used in its basic form in 
Europe for almost a quarter of a century. 
After more than five years of intensive research and development and a four-year testing 
period, the new scale was born. In 1996 the XXV General Assembly of the ESC in Reykjavik 
(Capital of Iceland) passed a resolution recommending the adoption of the new scale by the 
member countries of the European Seismological Commission. Unlike the earthquake magnitude 
scales, which express the seismic energy released by an earthquake, EMS-98 intensity denotes 
how strongly an earthquake affects a specific place (European Macro seismic Scale 1998) (EMS-
98), The European Macro seismic Scale has 12 divisions, as shown in table 4.1. 
The use of intensity is historically important because no instrumentation is necessary, and 
useful measurements of an earthquake can be made by an unequipped observer. In spite of the 
decline of macro seismic investigations due to rapid developments in instrumental seismology in 
the middle of the 20th century, a revival of interest in macro seismic intensity appeared in the 
last twenty years, mainly for the following reasons: 
 For calibrating studies of historical earthquakes. 
 For studying local attenuation. 
 For the investigation of vulnerability, seismic hazard and seismic risk. 
The term "vulnerability" has proved a key to damage investigations from recent earthquakes. 
The building stock - the instrument principally used to measure intensity is constantly changing, 
and its response to ground shaking is therefore also changing in a systematic way. It has been 
observed that in urban areas damage has accumulated to a wide range of building types, which 
should be categorized in more detailedthan before, EMS-98 illustrated damage classification. 
Additionally, the experience from the 1997 Umbria-Marche earthquake showed that, even 
moderate magnitude earthquakes can seriously disrupt a community and cause considerable life 
and economic losses. 





Table ‎4-1: The European Macro seismic Scale 
I.  Not felt Not felt, even under the most favorable circumstances. 
II.  Scarcely felt Vibration is felt only by individual people at rest in houses, 
especially on upper floors of buildings. 
III.  Weak The vibration is weak and is felt indoors by a few people. People at 
rest feel a swaying or light trembling 
IV.  Largely 
observed 
The earthquake is felt indoors by many people, outdoors by very 
few. A few people are awakened. The level of vibration is not 
frightening. Windows, doors and dishes rattle. Hanging objects 
swing. 
V.  Strong: The earthquake is felt indoors by most, outdoors by few. Many 
sleeping people awake. A few run outdoors. Buildings tremble 
throughout. Hanging objects swing considerably. China and glasses 
clatter together. The vibration is strong. Top heavy objects topple 
over. Doors and windows swing open or shut. 
VI.  Slightly 
damaging: 
Felt by most indoors and by many outdoors. Many people in 
buildings are frightened and run outdoors. Small objects fall. Slight 
damage to many ordinary buildings; for example, fine cracks in 
plaster and small pieces of plaster fall. 
VII.  Damaging: Most people are frightened and run outdoors. Furniture is shifted and 
objects fall from shelves in large numbers. Many ordinary buildings 
suffer moderate damage: small cracks in walls; partial collapse of 
chimneys. 
VIII.  Heavily 
damaging: 
Furniture may be overturned. Many ordinary buildings suffer 
damage: chimneys fall; large cracks appear in walls and a few 
buildings may partially collapse. 
IX.  Destructive: Monuments and columns fall or are twisted. Many ordinary 
buildings partially collapse and a few collapse completely 
X.  Very 
destructive: 
Many ordinary buildings collapse. 
XI.  Devastating: Most ordinary buildings collapse. 
XII.  Completely 
devastating: 
Practically all structures above and below ground are heavily 
damaged or destroyed. 
 
The term "Macro seismic intensity" is used here entirely in the meaning of a classification of 
the severity of ground shaking on the basis of observed effects in a limited area. Contrary to the 
previous scales, EMS-98 aims at: 
 Accommodating the new building types. 
 Incorporating revisions to damage distributions. 
 Being user-friendly even for the evaluation of historical earthquakes. 





The scale should be understood and used as a compromise solution, since no intensity scale 
can hope to encompass all the possible disagreements between diagnostics that may occur in 
practice. It does not only meet the needs of seismologists alone, but also of civil engineers and 
other possible users. It rejects any intensity corrections for soil conditions or geo-morphological 
effects, because detailed macro seismic observations should just be a tool for finding and 
elaborating such amplification effects. It also makes clear the understanding that intensity values 
should be representative for any village, small town or part of a larger town instead of being 
assigned to a point (for one house etc.). The way in which a building deforms under earthquake 
loading depends on the building type. As a broad categorization one can group together types of 
masonry buildings as well as buildings of reinforced concrete. 
4.2. Canadian Evaluation Method 
In Canada, a building would generally go through a three – step process to address seismic 
hazard, namely screening, evaluation and mitigation. Screening helps prioritizing buildings such 
that buildings with the highest risk. Scores would warrant a more detailed analysis while 
buildings with the lowest risk scores may be exempted or deferred from further investigation. 
This detailed analysis determines if and to what extent a building needs strengthening. Figure4.1 
illustrates the seismic hazard mitigation procedure on screening (Step 1), evaluation (step 2) and 
mitigation (step 3) for buildings. This method is depending on factors found for Canada (Manual 
for Screening of Buildings for Seismic Investigation). 
4.3. Long Beach Evaluation Method 
In 1971, the J.H. Wiggins Company studied the earthquake safety of older buildings in the 
city of Long Beach California. A grading system was developed to assess the hazard of existing 
building, using death risk as the criterion. The system is a simple field and document checking 
procedure carried out by professional engineers with back ground in earthquake design, as much 
engineering judgment is required. Building is graded on a scale of 0 to 180 points, defining three 
degrees of hazard. 
 Less than 50 points constitutes a low degree of hazard, and no rehabilitation is 
necessary. 
 Between 50 and 100 points indicates an intermediate hazard, with some strengthening 
required to make the building safe. 
 More than 100 points classify the building as a serious life hazard, requiring 
demolition or major strengthening. 






Figure ‎4-1: Seismic mitigation procedure on screening, evaluation and upgrading (Mario P., 1994)i 
The grading system is broken down into five categories, with points assigned to each 
category as outlined in Tables 4.2 which are framing system and /or walls (0 to 40 points), 
diaphragm and / or bracing system (0 to 20 points), partitions (0 to 20), special hazards such as 
building layout or soil Condition (0 to 50 points). Wiggins report recommends guidelines for the 
extent of strengthening to be requires. Normal repairs would prevent the collapse of the entire 
building, including walls. Minimum repairs prevent the collapse of the roofs and floors, but 
could allow masonry walls to collapse providing they do not overhang another building or adjoin 
a public way. Buildings undergoing only minimum repairs would limit to a life of five years, and 
a normal occupancy no more than five person years per year. 







Reinforced concrete and steel 
vertical and lateral resisting 
frames adequately designed, with 
reinforced concrete and masonry 
filler walls. 
Reinforced concrete and steel 
vertical load frames 
Unreinforced masonry filler and 
bearing walls with poor quality 
mortar. 
Reinforced concrete and masonry 
bearing walls three stories and 
Reinforced concrete and Masonry 
bearing walls over three stories. 
 






Steel rigid frames adequately 
braced. 
Wood frames over three stories. 
 Poorly braced steel buildings. 
Unreinforced concrete and 
masonry filler walls, good mortar. 
 
Diaphragm and / or Bracing System 
Well anchored reinforced 
concrete slabs and fills 
adequately as diaphragms. 
Signal sheet metal decking high 
weight fills unblocked plywood 
diagonal sheathing and gypsum all 
anchored and adequate as 
diaphragms. 
Straight or diagonal wood 
sheathing without adequate 
connections to walls and no 
special nailing Incomplete or 
inadequate 
Well anchored continuous double 
sheet metal decking. 
Precast concrete units without 
Fill anchored and adequate as 
diaphragms. 
Bracing systems. 
Well anchored blocked plywood. Diagonal rod bracing systems 




Many woods or metal stud 
bearing. 
Few unreinforced masonry, poor 
mortar. 
Many unreinforced Masonry, 
poor mortar and few steel or 
wood stud; bearing or non – 
bearing. 
Many reinforced masonry 
bearing. 
Moderate amount of wood and 
steel, bearing type. 
 
Moveable metal or gypsum 
board. 
 
Few reinforced masonry non -
bearing. 
Few unreinforced masonry good 









Non. Except very minor 
amounts. 
Poor dimensional plan 'L' and 'T' 
shapes (non – rectangular). 
Excessive wall opening &wall 
heights without adequate 
design. 
Minor cracks Lack of symmetrical bracing or 
shear walls. 
Overhanging adjacent 
unreformed masonry filler or 
bearing walls poor quality 
mortar. 
 Excessive length to width and 
height ratios (greater than 4; 1). 
Poor soil conditions 
uncomplicated & saturated fills. 
Unstable side hill conditions 
Questionable soil conditions Inadequately anchored roof 





which could result in settlement or 
amplified ground motion in an 
earthquake. 
tanks or signs. 
Poorly anchored chandeliers and 
light fixtures 
Unreinforced masonry 
chimneys poor quality mortar. 
Moderate creaking and minor 
settlement cracks. 
Inadequately anchored 
Ornamentation and veneer 
above 1st story. 
Minor un repaired earthquake 
damage. 
Un braced wood cripple stud 
walls in type v. 
 Non-bearing masonry walls 
parapet walls or appendages. 
Serious cracking, bowing or 
leaning of walls. 
Serious settlement or cracking. 
Signs of incipient or actual 
structural failure. 
Serious deterioration of 
structural materials. 
Serious un repaired earthquake 
damage. 
4.4. Israeli Evaluation Method 
This method is developed by A.S. Scalat, Which aims at providing statistical information 
regarding the seismic vulnerability of a large group of buildings. This method enables quick but 
approximate evaluation of buildings in Israel. The building is classified insufficient seismic 
resistance according to structural score S which includes (S◦) basic score which depends on type 
of structure and seismic zone factor Z (which defined in seismic map of the country), and ∆S 
modifiers, which are identical for all types of structures and all seismic zones. The modifiers 
depend on condition of structure and superstructure. The structural score S is calculated from 
equation (4.1): 
S=S◦+∆S 
If S < 1 notes insufficient seismic resistance. 
Z = peak ground acceleration/acceleration of gravity as shown in table 4-3, where the Z 
factor can be obtained from the map of the country. 
 The cross pounding S◦ class respond on the Z factor as shown in table 4-3. 
Note: 
Where several types of structure are present, the predominant type will be considered. When 
in doubt, the minimum basic score will be chosen.  
 
 
Equation ‎4-1: structural score 
 





Table ‎4-3: Value of S◦ regarding to type of structure 
Type of structure Risk category 
H M L 
Zone factor ( Z ) 0.25 – 0.3 0.15 – 0.2 <0.1 
Wood Frames 2.2 3 4.2 
Steel moment-resisting frames 2 2.5 4.2 
Braced steel frames 1.5 2 2.5 
Concrete shear walls 2 2.5 3 
Precast concrete large panels 1.5 2 2.5 
Concrete frames 1 1.5 2 
Recast concrete frames 0.5 1 1.5 
Reinforced masonry 1.5 1.7 2 
In filled frames 0.7 1 1.5 
Plain brick / stone masonry 0.3 0.5 0.7 
The modifiers are identical for all types of structures and all seismic zones: 
Table ‎4-4: Modifiers ∆S 
Types of structures Modifiers ∆S 
High-rise buildings (8 stories or more ) -0.5 
Medium-rise buildings (4-7 stories) 0 
Low – rise buildings (3 stories or less) +0.3 
Poor condition -0.3 
Poor condition of recast concrete structures -0.5 
Soft story -1 
Significant eccentricity -0.5 
Pounding possible (for medium & high rise building) Adjacent slab at same level. -0.2 
Pounding possible ( for medium & high rise building) Adjacent slab at different levels -0.5 
Heavy cladding ( precast concrete or cut stone ) -0.5 
Short concrete columns -0.5 
Year of construction ; Before 1960 -0.5 
Year of construction ;1960 – 1975 0 
Year of construction ;After 1975 +0.5 
Type of soil 0 
S1 ( Rock and stiff clay ) 0 
S2 (Stand, gravel ) -0.2 
S3 (Soft and medium soil ) or unknown -0.3 
S3 + ( high – rise building ) -0.4 
4.5. Yugoslavian Method for Field Evaluation Of Existing Building 
Peter Sheppard and Mariana Lutman developed this method of evaluation. This method was 
applied to a group of concrete infill buildings, in the old part of city of Ljubljana in Yugoslavia. 
In the case of mixture of masonry walls and reinforced concrete columns, it was decided to 
take into account only five main parameters of seismic vulnerability, with the following 
weighting factors w :- 





 Type and quality of walls and columns, w=1.0. 
 Quantity of walls and columns (relative to the floor plan), w=1.0. 
 Layout of walls and columns in the floor plan, w=1.0. 
 Mix of the structure and structural details, w=1.50. 
 Other factors (condition of building etc.) w =0.5. 
In each case an individual parameter is given an integral value ranging from 1 to 5, where the 
value of 1 means condition in accordance with valued technical regulations and a value of 5 
means conditions do not correspond at all to the regulations. The sum of these values, each 
multiplied by the given weighting factor, is called the basic seismic vulnerability (Ps) of the 
building, and it can assume values between 5 and 25. 
In the case of methodology presented here, however, building height is taken into account by 
means of additional parameters (Pa) which assumes the following values: 
 Buildings up to three stories high (ground plus two stories) of normal story height, 
Pn= 0 
 Buildings three stories high with above average story height, Pn=2 
 Building four stories height with above average story height, and buildings five story 
height, Pn= 4, 
  Buildings five story height, and buildings six stories high with normal story height, 
Pn= 6 
Buildings with above average story height are considered as having an average story height 
exceeds 3.5m. From the local intensity scale in Slovenia which depends on zone location, then 
we can get additional parameter (PI) Table 4.6. 
Table ‎4-5: additional parameter 
Zone Seismic coefficient Ks P1 
VIII – 1 0.04 -3 
VIII – 2 0.05 0 
VIII – 3 0.06 +3 
IX – 1 0.08 +9 
IX – 2 0.10 +15 
IX – 3 0.12 +21 
 
When all parameters mentioned above is taken into account, an expression is written defining 
seismic vulnerability of older buildings:- 
Vs= (Ps+Pn+Pi) Ft 
Where Ft, a factor for the type of load – bearing system, whose value is taken to be 1 for 
masonry buildings, 0.85 for buildings with masonry walls and reinforced concrete columns. 
Then the seismic risk is estimated, which are of particular importance when deciding the priority 
of individual buildings, the two most important parameters are: 





 The number of the buildings users. 
 The total usable floor area of building. 
The average density of users of the building can be determined from those two 
parameters, the number of users will change during the year, but for simple analysis it is 
sufficient to use an average density which is as realistic as possible. First the density of users in 
individual building is determined (e.g. the number of users per 100m2 of usable floor space) and 
then this figure is compared with the weighted average density. Density of users (Dr) within the 
group of buildings can be determined. The relative seismic risk, which can be allocated to an 
individual building, is then given by the expression: 
Vu=VsDr 
The relative seismic risk for this method is as follows: 
If Vu ≥ 25.0   the relative seismic risk is very high. 
If 17.5 ≤ Vu < 25.0   the relative seismic risk is high 
If 10 ≤ Vu < 17.5   the relative seismic risk is medium. 
If Vu < 10   the relative seismic risk is low. 
4.6. American Society of Civil Engineering, 2003 (ASCE-SE 03-31) 
ASCE/SEI-03-31 is probably the most advanced seismic evaluation procedure for buildings 
developed in USA in the recent years which grew out of earlier document NEHRP Handbook for 
Seismic Evaluation of Existing Buildings (FEMA 178). The evaluation procedure is based on 
rigorous approach to determine existing structural conditions. Buildings are evaluated for certain 
extent of structural damage that is expected in the building when subjected to earthquake. This 
level of damage (or Performance Level) is determined a priori by the design professional 
considering the importance of building and consequences of damage. 
ASCE/SEI-03-31 considers two levels of performance defined as Life Safety and Immediate 
Occupancy during design earthquake. For life safety performance, the building can sustain 
significant damage to both structural and nonstructural components with some margin against 
either partial or total structural collapse such that level of risk for life-threatening injury and 
getting trapped is low. Immediate occupancy building performance means very limited damage 
to both structural and nonstructural components during the design earthquake. The primary 
vertical and lateral-force-resisting systems retain nearly all of their original strength and 
stiffness; however, there could be some minor injuries and damage, which could be easily 
repaired while the building is occupied. 
ASCE/SEI-03-31 defines a three-tiered process in which each successive tier involves more 
detailed evaluation and increased engineering effort. The additional effort in each tier is intended 
to achieve greater confidence in the identification and confirmation of seismic deficiencies. 
4.7. Concluding remarks: 
After study many of methods of seismic evaluation, the Researcher used in this research 
decide to use the European Macro seismic Scale (EMS) (Macro seismology- the European 
Macro seismic Scale 1998 (European Seismological Commission)). 





European Macro seismic Scale (EMS-98) is based on previous related research carried out in 
the West Bank and in Gaza city Al-Dabbeek, J. (2007). and Shurrab. S.(2013). They suggest 
several factors to be consider in the field survey of buildings such as structural system, 
configuration and characteristics that create seismic vulnerability.   
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5. Chapters 5:Vulnerability of buildings in Gaza city 
In this chapter the structural systems, structural elements, building materials and the 
buildings used in Gaza Strip are discussed. 
5.1. Variability in Building in Gaza City 
Buildings in Gaza strip can be classified according to many categories namely such as 
building materials, structural systems, and building use.  
5.2. Building Materials 
Different construction materials were used in Gaza Strip according to different categories 
such as Masonry, Reinforced concrete And Steel. 
5.2.1. Masonry 
Masonry is most important construction material used in Gaza buildings, it is divided into 
Sand stone, concrete blocks, And Natural stone. 
a) Sand Stone 
Most of the buildings found in old Gaza city were constructed using sand stone as shown in 
Figure 5-1. It has been used for low rise buildings, always one story. These buildings are very 
weak in resisting seismic loading because of the fact that masonry is a brittle material. However 
the combination of weight, stiffness and weakness against tensile forces make sand stone 
buildings highly vulnerable to earthquakes Barakat, S. Z. et.al. (2006) since sand stone, which 
can be stressed relatively high in compression, is weak in resisting bending and shear, collapse is 
often the result. 
 
Figure ‎5-1: sand stone 
b) Concrete Blocks 
Concrete blocks are very stiff and brittle material, so they are recognized as dangerous in 
resisting earthquakes Booth,E.,1994. They were used as masonry bearing walls for one story 
buildings and infill walls in reinforced concrete buildings as shown in Figure 5-2.When 
unreinforced masonry walls begin to crack, in terms of engineering analysis, it is usually 
described as having failed, even of collapse does not occur. The internal elastic strength of the 
wall blocks, and repeated cycles the wall undergoes plastic deformations through movement 
along the mortar joints or in bending. The most important attribute of soft mortar is that, when 




mortar strengths are below that of masonry units and the wall dose not crack, it does so along the 
mortar joints, resulting in greater overall stability. 
 
Figure ‎5-2: concrete block 
 
Figure ‎5-3: concrete block building 
c) Natural Stones 
Natural stones are used as cladding for some buildings constructed in Gaza Strip. During 
earthquakes the cladding and ornaments from outside of buildings may fail if they were not fixed 
to the walls. Two methods on fixing the stone cladding are used in Gaza, the first is by putting 
steel mesh on the exterior walls and buildings one to two courses of the stones and casting 
concrete 30 between them. Another method is by fixing the stone with the walls by steel wires. 
The exterior stone cladding should be properly anchored to the exterior walls for in plane out of 
plane lateral forced. 
5.2.2. Reinforced Concrete 
The physical properties of reinforced steel which is the ductility and high degree of 
deformation make the reinforced concrete building absorb the bulk of earthquakes energy. 
Reinforced concrete systems are better than masonry in resisting seismic loading. High rise 
buildings were constructed with reinforced concrete as shown in Figure 5-18. Reinforced 
concrete buildings are rigid by design and their rigidity can be improved further by small 




increases in steel used. The frame work of such beams and columns can be made to resist 
earthquake vibrations of considerable magnitudes. Almost the multistory buildings are framed, 
thus the structures find great support. It must be noted here that the RC frames resist of major 
portions of earthquake induced forced. 
 
Figure ‎5-4: Reinforced Concrete building 
5.2.3. Steel Structures 
Steel is used on construction sport complexes (indoor, stadium, clubs, etc.) for long spans 
roofs as shown in Figure 5-5. Space trusses is used as main girders and plan trusses as secondary, 
because of the good properties of steel especially ductility, steel buildings are considered the best 
in resisting earthquakes. Also steel possesses the highest strength to weight ratio compared to 
any building material used today. It remains one of the strongest most durable economically 
manufactured materials. 
 
Figure ‎5-5: steal structures building 
 
5.3. The Structural System In Gaza Strip 
In the following section the Researcher will take about the structural system in Gaza strip as 
such as, 
a) Masonry bearing walls.  
b) Beam column system.  
c) Concrete frames. 
d) Bearing Wall System. 




5.3.1. Masonry Bearing Walls 
This type of structures was used on regions which continue buildings as the refugee camps. 
The external walls and some interior walls are considered as bearing walls of unreinforced 
masonry buildings with reinforced slab and sometimes asbestos slabs. The usual floors 
construction consists of concrete supported by unreinforced masonry bearing walls. These 
buildings are very weak in resisting seismic loading. 
5.3.2. Beam Column System  
This structural system is the main system which used widely on all Gaza strip. Up to six 
stories buildings are not constructed and designed for seismic loading. So that this system is 
considered week in resisting seismic loading, but the main parts of structural system which are 
accounted for resisting the lateral forced are: 
 The columns and diaphragm based on the fact that they can works as frames when loaded 
laterally. 
 The infill walls which are used as partitions these in Gaza are not designed to carry 
vertical loads. 
5.3.3. Concrete Frames 
A structural frame system is a combination of primarily vertical and horizontal members that 
are designed to transmit applied loads to the ground. The major components of the frame system 
are horizontal members, vertical members, and some sort of foundation. These members work 
together to resist both vertically and horizontally applied loads. Vertical loads are typically the 
result of the applied live loads that the building is designed to contain as well as climactic loads 
such as wind, snow, and seismic activity. Horizontal loads are most commonly applied by wind 
and seismic activity.  
The frame system is extremely versatile. It can be used in buildings as small as single-family 
dwellings and as large as skyscrapers. Because frame structures act as a skeleton for a building, 
almost any facade can be applied to them. In addition, the openness of their construction allows 
for large areas of penetrations in the form of windows and doors without much difficulty.  
The columns and the beam meeting at the ends of columns have inter-relationship. There for 
either effect of slenderness of column is always basically the problem of improving the result of 
an ordinary frames analysis. The design moments and forces are evaluated from an improved 
analysis of the structure ACI code specifies that such analysis shall take into account influence of 
axial loads and variable moment of inertia on the stiffness of member and the fixed-end moments 
and forces, and the effects of duration of loads, A second order analysis which include the effect 
of sway deflection on the axial loads and moments may be used. It also recommends realistic 
moment – curvature or moment end – rotation relationships. Behavior of frames under different 
types of loads is shown in Figure 5-6 





Figure ‎5-6: Behavior of frames under loading 
5.3.3.1. Types Of Frame 
The frame can be classified according to the bracing or joint connection 
 According to bracing 
 Non sway frames: 
Structural frames whose joints are restrained against lateral displacement by attachment to 
rigid element s or bracing are called (frames)  
 According to ACI code 10. 11. 4. 1 a column in a structure is non-sway if the increase in 
column end moments due to second –order effects dose not expected 5 percent (5%) of the first – 
order end moments, moreover, ACI code 10.11.4.2 assumes a story with a structure is non-sway 
if  
Is less than or equal to (0. 05) 
 Where 
Q:is the stability Index which is the ratio of secondary moment due to lateral displacement and 
primary moment  
: is the totals vertically load in the story  
Vu: is the story shear in the story under consideration  
Lc : is length of column measure centre to centre of joints in frame  
: is the first – order relative deflection between the top and bottom of that story  
 Sway frames: 
Structural frames, not attached to an effective bracing element, but depend on the bending 
stiffness of the columns and graders to provide resistance to lateral displacement are called (sway 
frames).  
  According to type of connections: 
 Rigid Frames 
 Lateral stiffness is derived mainly from the bending rigidity of the frame members; 
 Frame members are connected by rigid joints; 
 Joints must have adequate strength and stiffness; 
 Joints must also have negligible deformations; 
 Large deformations can significantly influence the distribution of internal forces and 
moments and overall frame deformation and this is not desirable; 
 The frame must resist all loads, lateral and vertical, by itself; 














 Rigid frame behavior und different types of loads are shown in Figure 5-7.  
 
Figure ‎5-7: Rigid frame behavior under loads 
5.3.3.2. Simple Frames 
 Also called pin-connected frames 
 All beams and columns are pin-connected 
 Pin connections are also called flexible joints 
 System is incapable of resisting lateral loads 
 Stability is provided by a bracing system 
 Lateral loads are resisted by the bracing system 
 Gravity loads are resisted by both the simple frame and the bracing system.  







Figure ‎5-8: Simple frame behavior under lateral loads 
5.3.3.3. Methods of Analysis of Frame System 
1. First-Order Elastic Analysis 
In first-order elastic analysis a linear relationship between the applied loading F and the 
deformations is assumed. The internal force distribution in the frame is assumed to be unaffected 
by the displacements in the frame. Frame analysis can therefore be conducted according to linear 
elastic principles. The frame responds according to line 1 in Figure 5-9.  





Figure ‎5-9: Frame response according to different types of analysis 
2. First-Order Rigid-Plastic Analysis 
Rigid-plastic analysis (or the application of simple plastic theory) neglects the effects of 
elastic deflections and assumes that all structural deformation takes place in discrete regions, 
called plastic hinges, where plasticity has developed. When using first-order, rigid-plastic theory 
only the collapse condition is addressed. This condition occurs when sufficient plastic hinges are 
assumed to have formed to convert the structure into a mechanism. Curve 2 in Figure 5-9 gives 
the frame response according to this approach. 
3. Elastic Critical Load 
Using the methods described in it is possible to calculate the buckling loads for frames under 
suitably idealized loading. Depending upon the content and complexity of the frame, several 
different buckling modes, each with its associated elastic vertical load, may be possible. The 
curve 3 in Figure 5-9 gives the representation of the critical load obtained by an elastic buckling 
analysis.  
4. Second-Order Elastic Analysis 
In second-order elastic analysis the effect of elastic deformations on the internal force 
distribution is taken into account. The result is a transition from the linear analysis line 1 at low 
loads to the elastic critical line 3 at large deflections. For frames the second-order effects may be 
separated into 2 parts: 
 Reduction in the effective bending stiffness of individual members due to compressive 
loading. 
 A destabilizing effect due to the overturning moment produced by the vertical loads 
acting through the horizontal deflections caused by the lateral loads. 
5. Second-Order Rigid-Plastic Analysis 
If the deformations that may develop as a result of the formation of the plastic collapse 
mechanism are allowed for when formulating the equilibrium of the frame, then the result is the 
developing mechanism curve of line 5 in Figure 5-9 this curve shows that equilibrium can only 
be maintained with a reduction in the level of the applied loads.  




6. First-Order, Elastic-Plastic Theory 
If a linear elastic analysis is modified to allow for reductions in frame stiffness with the 
progressive formation of plastic hinges at increasing levels of the applied load, then the response 
curve of line 6 is obtained. This line exhibits progressive loss of stiffness as each plastic hinge is 
formed and eventually merges with the rigid-plastic line 2 in Figure 5-9.  
7. Second-Order, Elastic-Plastic Analysis 
When the analysis that traces the formation of plastic hinges also allows for the effects of 
deformations in setting up the governing equations, then line 6 in Figure 5-9 is modified 
somewhat into line 7 in Figure 5-9.Line 7 initially follows the first-order elastic line 1 but 
diverges from this line to follow the second-order elastic line 4 in Figure 5-9 as destabilizing 
effects become more significant. Formation of the first plastic hinge - which occurs at a slightly 
lower applied load than is the case with the first-order, elastic-plastic analysis due to the larger 
deformation associated with second-order analysis further reduces the stiffness, causing line 7 to 
diverge from line 4.This divergence becomes more pronounced as more plastic hinges form. The 
peak of this curve corresponds to the failure load predicted by this type of analysis. At large 
deformations line 7 tends to merge with the curve for the mechanism, line 5 in Figure 5-9.  
8. Second-Order, Plastic Zone Analysis 
If the spread of plasticity both through the cross-section and along the member length is 
taken into account, instead of assuming that it is concentrated into the desirable regions of the 
plastic hinges, then the resulting type of analysis is usually termed plastic zone theory. It 
provides an even closer representation of actual behavior and leads to a curve similar to line 7 in 
Figure 5-9. 
5.3.3.4. Advantages and Disadvantages of Frame System 
1. Frame system Advantages 
 Optimum use of floor space, i.e. Optimal for office blogs, retail, parking structures where 
open space were required.  
 Relatively simple and experienced construction process 
 Generally economical for low-to mid-rise construction (less than about 20 stories) 
2. Frame system Disadvantages 
 Generally, frames are flexible structures and lateral deflections generally control the 
design process for buildings with greater than about 7 stories heights.  
 Note that concrete frames are about 8 times stiffer than steel frames of the same strength.  
 Span lengths are limited when using normal reinforced concrete (generally less than 
about 40 ft, but up to about 50ft).Span lengths can be increased by using pre stressed 
concrete.  
5.3.4. Bearing Wall System 
A bearing wall system is a combination of primarily either horizontal members or structures 
and vertical wall structures that are designed to transmit applied loads to the ground.  
 Subsystems and Interactions 
The major components of the bearing wall system are horizontal members or structures, 
vertical walls, and some sort of foundation. These members work together to resist both 
vertically and horizontally applied loads. Vertical loads are typically the result of the applied live 
loads that the building is designed to contain as well as climactic loads such as wind, snow, and 




seismic activity. Horizontal loads are most commonly applied by wind, earth, and seismic 
activity.  
5.3.4.1. Types of Bearing Wall 
Walls are differentiated into two types: load bearing and non-load bearing. Load-bearing 
walls not only separate spaces, but also provide structural support for whatever is above them. 
Non-load bearing walls function solely as partitions between spaces.  
5.4. The Structural Systems Used All Over The World 
There are many structural systems used all over the world like (Bungales, S. Taranath, 2004): 
a) Shell Systems 
b) Moment resisting frames. 
c) Grid frames. 
d) Shear walls. 
e) Block work infill. 
f) Frame – wall or dual systems. 
g) Coupled shear walls. 
h) Frame system 
i) Bearing Wall System 
5.4.1. Shell Systems 
It seems appropriate to start the presentation of examples of shapes and forms for shell 
structures with the folded plate because it is the simplest of the shell structures. The 
distinguishing feature of the folded plate is the ease in forming plane surfaces. Therefore, they 
are more adaptable to smaller areas than curved surfaces which require multiple uses of forms 
for maximum economy. A folded plate may be formed for about the same cost as a horizontal 
slab and has much less steel and concrete for the same spans. Folded plates are not adapted to as 
wide bay spacing as barrel vaults. For widths of plate over, say, 12 feet, the thickness of the 
folded plate must be thicker than for a barrel vault. Some advantage may be gained by increasing 
the thickness of the slab just at the valleys so it will act as a hunched beam and as and section 
plate girder. 
5.4.2. Moment – Resisting Frames 
Moment – resisting frames derive their lateral strength - not from diagonal bracing members, 
but from the rigidity of the beam – column connections. They consist solely of horizontal beams 
and vertical columns. This system is used in Gaza Strip in schools, hospitals and mosques. It is 
considered a good system for resisting earthquake. The advantages of using moment – resisting 
frames to provide seismic resistance are as follows: 
a) They provide a potentially highly ductile system with good degree of redundancy, which 
can allow freedom in the architectural planning of internal spaced and external cladding. 
b) Their flexibility and associated long period may serve to detune the structure from the 
forcing motions on stiff soil or rock sites. The potential problems associated with moment – 
resisting frames are: 
 The beam – column joint region represents an area of high stress concentration which 
needs special skills to design successfully. 




 The low stiffness of moment – resisting frames tends to cause high story drifts, which 
may lead to unacceptable damage to cladding and other non-structural elements and to 
other serious structural problems. 
5.4.3. Grid Frames 
These comprise a uniform grid of frames in both directions, and are common in Japanese 
practice in low – to medium rise construction they are highly redundant and achieve a good 
spread of resistance to seismic forces both within the superstructure and to the foundations 
Kusky,(2007). They have very good torsion resistance and coupled lateral, torsion is unlikely to 
be a problem, even with irregular plan shapes. The major disadvantages are that all the columns 
have to be designed for biaxial loads. All beams and columns have to be designed and detailed 
for ductility. This system is used in big halls and theaters. 
5.4.4. Shear Walls 
Shear walls are more rationally known as structural walls in new buildings, since their 
flexural behavior is usually more important than their shear behavior. They avoid the stress 
concentrations found at the beam – column joint regions of frames, and avoid some of the 
dependence on good form work and steel fixing skills associated with frames. Considerable 
ductility is possible in slender shear walls which reach their ultimate strength in flexure before 
shear .The unfavorable features are firstly planning ones, walls present barriers which may 
interfere with architectural and services requirements. Secondly, lateral load resistance in shear 
wall buildings is usually concentrated on a few walls rather than on a large number of columns 
shear walls on their own are a highly suitable solution for medium – rise buildings up to about 
ten stories. All the tower buildings on Gaza Strip are using shear walls (Bresler, B.,(1997). 
5.4.5. Block Work Infill 
Rigid block work infill of external moment – resisting frames provides a good solution for 
providing thermal and acoustic insulation and weatherproofing. The block work infill causes a 
large increase in strength and stiffness, at the expense of a large reduction in ductility. If the infill 
is not uniform across the building, unsafe conditions such as the creation of a weak story can 
result. Rigid infill with unreinforced blocks results in the creation of unpredictable and 
potentially lethal systems. Laboratory tests show that with appropriate design, reinforced block 
work infill can provide satisfactory resistance. This system is not used on Gaza Strip. 
5.4.6. Frame Wall Or Dual Systems 
Combinations of moment – resisting frames with shear walls are known as frame wall or dual 
systems. This combination can be structurally efficient and is favored in both US and Japanese 
practice as providing good redundancy. One advantage of frame – walls systems is that the shear 
wall can be used to prevent a weak story forming in the moment resisting frame. This means that 
the relative's strength requirements to ensure a strong column / weak beam frame may 
theoretically be relaxed. This gives more freedom in selecting beam and column sizes and there 
is less concern about the strengthening effect that floor slabs have on beams (National institute of 
building sciences, Fema,(2015). 




5.4.7. Coupled Shear Walls 
Coupled shear walls consist of two or more walls linked by horizontal coupling beams .The 
beams are often formed as a result of openings required through the wall at each floor level; the 
resulting structure becomes effectively a frame with very strong columns and weak beams. Most 
of the yielding is therefore confined to the coupling beams; provided they are adequately 
designed, which often involves use of diagonal steel, excellent ductility can be obtained, with 
good stiffness. Redundancy is also good, in that plastic energy dissipation is distributed between 
a numbers of coupling beams. Coupled shear walls have been used for medium- rise construction 
in New Zealand Bresler, B.,(1997).There is little field evidence as to whether their theoretical 
appeal translates in practice into superior performance during earthquakes. 
5.5. Building Use 
Buildings use has a significant effect on choosing the suitable structural system like: 
1. In Commercial buildings and hotel, the column and diaphragms system with shear walls 
is used. 
2. In Public buildings (schools, hospitals, government offices, parking structure): These 
buildings need large distances between columns. Moment resisting frame is the most 
suitable used for these buildings. 
3. Community social – service facilities. The columns and diaphragms system is used in 
these buildings. 
4. Sport complexes (indoor, stadium, clubs, etc.) steel or concrete frames are considered the 
suitable. 
5.6. Effect Of Architectural And Structural Patens To Resistance Seismic Affect 
Rise buildings are constructed using this structural system by adding concrete shear walls to 
resist lateral loads. These buildings are designed for seismic loading. This system is widely used 
in Gaza Strip and the shear walls always are the stair walls and core lifts walls can be considered 
as shear walls (Kusky, 2007). On the other hand, there are many faults which affect resistance to 
seismic events like: 
 High concentrations of mass. 
 Vertical Irregularities. 
 Horizontal Irregularities. 
 Pounding Of Adjacent Buildings. 
 Presence Of Cantilever. 
 Concentration Of Stress Due To Complex Plans. 
 Foundation Failures. 
 Beam- Column Joint Failure. 
 Weak Columns. 
 Soft Stories. 
 Setbacks. 
a) High Concentrations Of Mass 
High concentrations of mass on a given level of the building are problematic. This occurs on 
floors where heavy items are placed, such as equipment, tanks, store rooms, or filing cabinets. 
Minarets of mosques in Gaza were built as concentrated mass on roofs as shown on Figure 5-10 




which is very dangers during earthquakes. The problem is greater, the higher level is located, due 
to the fact that seismic response accelerations increase upward, increasing seismic forces and 
possibility of equipment collapsing and causing structural damage. In architectural, it is 
recommended that spaces for usually heavy weights be in basements or in buildings isolated 
from the main structure. 
 
Figure ‎5-10: High concentrations of mass 
b) Vertical Irregularities 
When the stiffness and associated strength are abruptly reduced in a story along the height, 
earthquake induced deformations tend to concentrate at the flexible or weak story .The 
concentration of damage in a story leads to large deformation in vertical members. The excessive 
deformation in vertical members often leads to the failure of these members and the collapse of 
the story. Soft and weak first stories are especially common in multi-story residential buildings 
in urban areas, where the first story often is used for open space, commercial facilities or 
garages. Also most special buildings are built leaving the ground floor without interior walls for 
their gusts as shown in Figure 5-11and Figure 5-12 The first – story columns during strong 
earthquake shaking must resist a large base shear, inevitably leading to large story drift 
concentrated in that story. 
 
 
Figure ‎5-11: Vertical irregularities (A) 





Figure ‎5-12: vertical irregularities (B) 
c) Horizontal Irregularities 
The problems mentioned below refer to the plan of the structure in relation to the form and 
distribution of architectural space. The configuration problems in the plan arise when the floor 
plans are continuous that is, when they are not made up of discrete units. Some floor plans that at 
first glance seem complex, but that rely on seismic expansion joints, may not face performance 
problems from earthquakes as shown in Figure 5-13. 
 
Figure ‎5-13: Horizontal irregularities 
d) Pounding Of Adjacent Buildings 
Pounding of adjacent buildings could causes structural damage. Proper distance should be 
maintained between adjacent buildings. As the planning lows are not constructed for the 
distances between buildings, this problem is widely found in Gaza Strip as shown in Figure 5-14 




and Figure 5-15 In the case of a series of buildings constructed side by side in some locations, 
the edge buildings are often pushed outward and suffer severe damage while inner buildings are 
protected from excessive lateral deformation. 
 
Figure ‎5-14: Pounding of adjacent buildings (A) 
 
Figure ‎5-15:Pounding of adjacent buildings (B) 




e) Presence Of Cantilever 
Cantilevers are used in Gaza buildings to increase the plan dimensions and to give the 
building a good sight. But during earthquakes, dynamic response of cantilever differs from the 
building response, so extra forces will be attributed in the fixation point, special concerns should 
be considered in design of cantilever by increasing the reinforcement to sustain attributed forces 
as shown in Figure 5-16 and Figure 5-17. Another solution is to increase the stiffness of the 
cantilever by adding stiff beams even they are not countered for carrying loads. In many 
buildings stiff beams are added for both increasing the stiffness of cantilever and for architectural 
aspects. The cantilever elements can cause harmful vertical vibration during heavy earthquakes. 
f) Concentration Of Stress Due To Complex Plans 
Concentration of stress arises in buildings with complex floor plans, and is very common in 
hospital and school buildings. A complex plan is defined as that in which the line joining any 
two sufficiently distant points lies largely outside of the plan. This occurs when wings of 
significant size are oriented in different directions, for instance in H, U, or L shapes as shown in 
Figure 5-18. 
 
Figure ‎5-16: Presence of cantilever 





Figure ‎5-17: high cantilever 
In irregularly shaped floor plans, the wings may be liked to a cantilever built into the remaining 
body of the building, a point that would suffer smaller lateral distortions than in the rest of the 
wing. Large concentrations of stress appear in such transition areas, frequently producing 
damage to the nonstructural element, the vertical structure, and even the diaphragms. 
 
Figure ‎5-18: Concentration of stress due to complex plans 




g) Foundation Failures 
The failure of foundations is caused by: 
 Liquefaction and loss of bearing. 
 Landslides. 
 Fault rupture. 
 Compaction of soils. 
 Differential settlement. 
It is essential that the foundation system moves in unison during an earthquake. When 
supports consist largely of isolated column footings, it is advisable to add ties in order to achieve 
this and to enable the lateral loads to be shared among all the independent footings as shown in 
Figure 5-19, Figure 5-20 and Figure 5-21. 
h) Beam- Column Joint Failure 
When a moment –resisting frame is designed for weak-beam strong –column behavior, the 
beam –column joint may be heavily stressed after beam yielding and diagonal cracking may be 
formed in the connection as shown in Figure 5-22 and Figure 5-23. 
 
Figure ‎5-19: foundation failure(A) 





Figure ‎5-20: foundation failure(B) 
 
Figure ‎5-21: foundation failure(C) 
i) Weak Columns 
The seismic design of frames aims at ensuring that the damage produced by strong 
earthquakes occurs to beams, not columns, since there is a greater risk of building collapse from 




the latter type of damage. However, many buildings designed according to seismic resistance 
codes have failed for this reason. These failures can be grouped into two categories: 
 Columns with less resistance than beams 
There are several reasons why the value of free length is reduced drastically and the result 
can be considered a short column: 
 Partial lateral confinement of the column by dividing walls, facade walls, retaining walls, 
etc. 
 Placement of slabs at intermediate levels 
 Location of the building on a slope 
Short columns are the cause of serious failures in buildings subjected to seismic excitation, 
since their failure mechanism is fragile. The most appropriate solutions in the case of all kinds of 
wall that impede the free movement of the column consist basically of placing the wall in a 
different plane from that of the column, or in separating the wall from the column by means of 
joints. In the case of buildings with intermediate levels, the architectural design should consider 
locating the columns outside the transition line between the levels. Finally, on sloping land, the 
foundations of the columns ought to be sunk at greater depths as shown in Figure 5-24 and 
Figure 5-25. 
 
Figure ‎5-22: Beam-Column Joint Failure (A) 





Figure ‎5-23: beam-column joint failure (B) 
 
Figure ‎5-24: :weak columns(A) 





Figure ‎5-25:weak columns (B) 
j) Soft Stories 
Several types of architectural and structural plans lead to the formation of so-called "soft" 
stories, that is, stories that are more vulnerable to seismic damage than others, since they have 
less stiffness, less resistance, or both. The usual plans are: 
 A story that is significantly taller than others 
  Interruption of vertical structural elements on the floor 
 Construction on a slope 
The first case frequently arises because of a desire to place greater masses at certain levels of 
the structure, usually for technical reasons (equipment requirements, etc.) or aesthetic reasons 
(the building's appearance at the access levels, etc.). As a result, stiffness on the floors in 
question weakens due to the higher elevation of the vertical elements and of the resistance as 
shown in Figure 5-26, Figure 5-27, Figure 5-28, Figure 5-29, Figure 5-30, Figure 5-31 and 
Figure 5-32. 
The interruption of vertical elements of the structure has proven to be the cause of multiple 
partial or total collapses in buildings subjected to earthquakes. The reason is that the floor on 
which the elements are interrupted has greater flexibility than the others, thus aggravating the 
problem of stability; in addition and mainly, however, a sudden change in stiffness takes place, 
causing a greater accumulation of energy on the weaker story. The most common cases of such 
interruption, which usually occurs by virtue of size, form, or aesthetic reasons, are the following: 
 Interruption of the columns. 
 Interruption of structural walls (shear walls). 
 Interruption of partition walls, conceived erroneously as nonstructural, aligned with 
frames. 





Setbacks in the mass of a building are generally used because of city planning requirements 
relating to illumination, proportion, etc. However, from the standpoint of earthquakes, they cause 
sudden changes in stiffness and mass and accordingly give rise to the problems mentioned above 
of concentrating the destructive energy in the floors near the area of the sudden change. In 
general, the aim should be to make the transitions as smoothly as possible in order to avoid such 
concentration. 
Inverted setbacks should be avoided in seismic areas, since they also involve a serious risk of 
overturning, as mentioned with the distribution of mass as shown in Figure 5-33. 
 
 
Figure ‎5-26: soft stories (A) 
 
 




Figure ‎5-27: soft stories (B) 
 
Figure ‎5-28: soft stories (C ) 
 
Figure ‎5-29:soft stories(D)  





Figure ‎5-30:soft stories (E) 
 
Figure ‎5-31:soft stories (F) 
 
Figure ‎5-32:soft stories(G) 




















6. Chapters 6: Research Methodology 
 
This chapter describes the methodology of this research. It contains information about 
research approach, research philosophy, research design, sampling (include population and 
sample size), data collection, data measurement, and data analysis. Research methodology 
indicates the principles and procedures of logical thought processes which are implemented. 
Over the last three decades, natural disasters, particularly earthquakes, have become 
increasingly destructive as they affect large concentrations of population and property. The cost 
of replacing and repairing earthquake-damaged buildings is a significant drain on the economies 
of earthquake-prone countries. Therefore, it is imperative to achieve methods of reducing 
earthquake damage to an economically supportable level Al-Dabbeek, J. (2007). 
Estimates of seismic risk can be of considerable use to physical and economic planners 
concerned with investment and settlement in seismic areas. Also to those concerned with 
insurance against such losses and to civil defense officials whose task is to prepare plans for 
rescue, relief and rehabilitation after a possible future earthquake disaster. Although there have 
been many studies of the assessment of seismic hazard, there have been relatively few attempts 
to assess the probability of damage or destruction of existing buildings. This is probably due to 
the lack of precise information on the vulnerability of existing buildings, i.e., on the degree of 
damage or proportional loss of value that they are likely to suffer when subjected to ground 
motion of various intensities. 
6.1. Methodology Of The Current Work 
Research style refers to the determination of the most appropriate methodology and methods 
to adopt. Skipper, C., and Bell. L. (2006) said that the research styles include action, 
ethnographic, surveys, case study and experimental. Yin, K.and Cheung. S. (2006) suggested 
five research strategies in the science include surveys, experiments, archival analysis, histories 
and case studies. Yin, K.and Cheung. S. (2006) said that the most suitable style to be adopted 
depend on the type of research operation (what, how, why, etc.), the degree of control that the 
researcher can exercise over the variables involved and whether the focus of the research is on 
past or current events. Each style may be applied on explanatory or descriptive research Fellows, 
R., and Liu. A. (2008).  









Figure ‎6-1: Methodology of current work 
Detailed evaluation of buildings 
Preliminary evaluation of buildings 
Site visits and data collection 
Development of data collection forms 
Selection of the study area 
Study of vulnerability  of existing buildings in 
Gaza City 




6.2. Vulnerability Of Existing Buildings In Gaza City 
The architectural and structural building configurations in the Preliminary Evaluation 
Buildings used in this study have characteristics that either contribute to earthquake damage or 
are presumed to create the potential for earthquake damage based on the collective past 
experience of the earthquake engineering especially those related to buildings. Most post-
earthquake evaluation reports state that the damages are related to non-structural elements, which 
are used to assign vulnerability classes and relation to damage grades according to EMS-98 
scale. Earthquake engineering professionals and researchers have scientifically observed the 
damage caused by almost all of the major earthquakes in the latter half of the twentieth century. 
They have simulated earthquake demands in thousands of laboratory experiments to better 
understand how earthquakes damage buildings. The following characteristics are obtained from 
observed buildings included in earthquake reports collected over the twentieth century Rodgers, 
(2008). Each single characteristic complies with configuration elements of existing buildings in 
Gaza city. 
1. Number of floors. 
2. Main Street Width. 
3. Importance of Building. 
4. Use of Building. 
5. Situation of Enters Of Building. 
6. Situation of Building. 
7. Finishing Material. 
8. Horizontal Irregulars. 
9. Vertical Irregulars. 
10. Soft Story. 
11. Short column. 
12. Cantilever. 
13. Concentration of stress due to complex plans. 
14. Thin building. 
15. Building Design to Resistance earthquake. 
16. Type of foundation Soil. 
6.3. Selection Of The Study Area 
Several evaluations of seismic intensity methods and choose the most suitable method for 
Gaza strip. One of the main limiting is selection an urban area in Gaza city based on specific 
criteria’s such as: size, on site condition, regularity and configuration structural and architectural 
elements of building.  
In order to achieve a representative areas, the Researcher make a methodology to select a 
representative area the as follow: Size, on site condition, regularity and configuration structural 
and architectural elements of building. After selecting 3 areas in Gaza city, the Selecting of this 
an urban area in Gaza city based on specific criteria’s such as: size, on site condition, regularity 
and configuration structural and architectural elements of building. The table (6-1) shows 
distribution building samples in all the areas. 
 




Table ‎6-1: distribution building samples in all the areas 
Area Location Size Number of building 
1 Northern Beach camp  700m X700 m 200 
2 Northern Tal Al Hawa area 1000m X1000 m 204 
3 Northern Remal area 350m X350 m 150 
Total 554 
Tables (I-1) through (I-22) in appendix 1 show field survey sheets used to collect data 
from visited building in each area. Only seismic vulnerability classes used in EMS-98 scale (A, 
B, C, D) are assigned for each building separately, due to nonexistence class (E and F) in the 
studied areas. After filling all Developed data form (magnitude level “H”, “M” or “L”) and 
assigning vulnerability classes for all buildings in the same area. A represented percentage for 
each factor is determined in terms of all selected building samples. 
6.4. Development Of Data Collection Forms 
Field survey sheet which classify building type considering architectural and structural 
building configurations in addition to characteristics that create vulnerability of building was 
developed. The sixteen characteristics and factors considered in this developed field survey sheet 
are listed below: 
1. Number of floors. 
2. Main Street Width. 
3. Importance of Building. 
4. Use of Building. 
5. Situation of Enters Of Building. 
6. Situation of Building. 
7. Finishing Material. 
8. Horizontal Irregulars. 
9. Vertical Irregulars. 
10. Soft Story. 
11. Short column. 
12. Cantilever. 
13. Concentration of stress due to complex plans. 
14. Thin building. 
15. Building Design to Resistance earthquake. 
16. Type of foundation Soil. 
 





Figure ‎6-2: Northern beach camp (A) 
 
Figure ‎6-3: Northern Beach camp (B) 





Figure ‎6-4: Northern Tal Al Hawa area(A) 
 
Figure ‎6-5: Northern Tal Al Hawa area(B) 





Figure ‎6-6: Northern Remal area (A) 
 
Figure ‎6-7: Northern Remal area(B) 
6.5. Site Visits And Data Collection 
The purpose of the site visit evaluation is to obtain in-depth information concerning all 
considering architectural and structural buildings configurations in addition to characteristics that 
create vulnerability of building of the evaluation building in the selected areas.  
The researcher has selected a group of professional engineers who have surveyed the 
field of the evaluated buildings in the targeted areas carefully, a team of professional engineers 
with a long experience in the buildings evaluation were sheared in the site visited and data 
collection phase under researcher supervise.  




Then the researcher explains how to full the data form sheet, in the kick-off meeting with 
the search team’s assuming many of hypotheses that will properly deal with it in the field. In the 
second meeting the searcher makes a test for the team, after the searcher in sure the team can 
deal with all type of the characteristics. The searcher began training his team in large range of 
samples of building as case study in addition to the training he gives the team the mechanism to 
full the building characteristics in the data form sheet. 
The researcher has followed up, assistance and helped for team during fully the data form 
sheet of the field, In addition to Monitoring & Evaluation the teamwork in their target areas. The 
meetings during the site visits were continue between the research and his team for discussion on 
some of the study cases in the selected area. 
6.6. Preliminary Evaluation Buildings  
There are different factors affecting the overall vulnerability of a building besides its 
structure type, such as: 
I. Site conditions. 
II. Regularity and configuration of structural and architectural elements. 
III. Position: severe damage can occur to two adjacent buildings if they do not have 
enough spacing (Seismic joint). 
IV. Strengthening 
V. Earthquake resistant design (ERD). 
VI. Importance: the importance of a building is determined by the number of 
occupants or visitors, the use of buildings or the danger for public and 
environment in case of building failure. 
Table 6-2 shows the vulnerability classes according to EMS- 98. The vulnerability 
classes for reinforced concrete (RC) frame buildings without Earthquake Resistant Design ERD 
can be estimated from B to C with C being most likely. For RC frame buildings with serious 
defects (such as soft story’s, weak columns, lack of stiffening elements, long or very long 
cantilevers with heavy loads at the end…etc.), vulnerability class B or even A maybe 
appropriate. For regular RC buildings without ERD, but incorporating a certain level of lateral 
resistance (due to wind load design or stability verification), vulnerability class D might be 
representative for exceptional cases. For RC wall structures without ERD, vulnerability classes C 
to D are probable with C being the most likely one. For RC walls with serious defects, 
vulnerability class B can be regarded as the exceptional case. One should notice that defects will 











Table ‎6-2: Vulnerability Classes (European Seismological Commission, 1998) 
 




6.7. Detailed Evaluation of Buildings 
After preliminary Buildings Evaluation the detailed Buildings Evaluation can be 
performed using the European Macro seismic Scale (EMS-98). Previous related research carried 
out in the West Bank and in Gaza city Al-Dabbeek, J. (2007). and Shurrab. S.(2013) used the 
same EMS-98. They suggest several factors to be consider in the field survey of buildings such 
as structural system, configuration and characteristics that create seismic vulnerability. The 
detailed depends mainly on the data collected from the field survey of selected buildings the 
detailed methodology used to achieve the objective of this study is follows:  
1) Making a weight for each modified configuration factor in the data form sheet. 
2) Assigning vulnerability classes for each building separately (judgment play role in 
evaluating modified configuration factors according to defined magnitude level H, M, L). 
3)  Defining damage degree for corresponding vulnerability classes of each surveyed 
building, considering expected seismic intensity in Palestine Al-Dabbeek, J. (2007). 
4) Arranging expected damage grades (according to EMS-98 scale). Highlighting expected 
damages for grouped buildings in each location area. 












Results and discussion 
  




7. Chapters 7: Results and discussion 
In this chapter, the field survey results are analyzed and discussed. The study areas are 
characteristics by general information that are discussed and illustrated. Finally the vulnerability, 
behavior and stability of the elements and their construction systems of the existing buildings are 
determined.  
7.1. EMS-98 Preliminary Evaluation Buildings  
Field survey is based on the impact of the acting of the elements and architectural and 
structural formations on the behavior and stability of existing buildings and determines the 
vulnerability of each structural element or form or architect in separate form. For example «soft 
stories» is a frequent cause of collapse during earthquake. One of the high risk of this case, 
vulnerability of building may change from category (C) to (B) or even to (A). Appendix 2 is 
result of field survey sheet that shows each impact factor separately on the whole evaluation 
process of building structure. 
However, the magnitudes of the impact (structural and architectural composition) are 
determined based on three levels, namely: Few-impact (F), Moderate impact (M) and high 
impact (H). Vulnerability ranges from category (C) & (D), few of them ranked as category (B), 
while category (A) is limited. The result shows it is worth mentioning that most existing 
buildings in Gaza city are highly vulnerable to seismic risk, the result of this study are matched 
with the recommendation of Al-dabeak,2007. 
Table (7-1) the Vulnerability classes of existing buildings, this also shows that there is no 
existence of category (F), because this reflects braced system designed to resist seismic force. 
This type of construction does not exist in Gaza city as shown in table (7-1) and table. 
 Appendix 2 summarizes the EMS-98 Preliminary Evaluation Buildings in the studied areas. 
 Table ‎7-1: Vulnerability classes of existing buildings. 
7.2. Ems-98 Preliminary Damage Grades Related To Vulnerability Classes 
According to many studies Al-Dabbeek, J. (2007)., Jura, M., Kahane, C., & Omont, A. (1988).and 
Yankelevsky, (2008), history of seismic activity in Palestine region and peak Ground Acceleration (PGA) 
maps was recently generated. All sources believe that the maximum value of earthquake magnitude for 
Palestine region is between (7) and (8) on the Richter scale, Yankelevsky, (2008) assume, that Palestine 
could be exposed to strong earthquake once or twice every 50 years and the intensity would be on 
Modified Mercalli of VII. Based on the collected data and assigned damage magnitude done according to 
Area 
Vulnerability classes No. Of 
A B C D E Buildings 
Area 1 12% 12% 62.5% 13.5% 0% 200 
Area 2 7% 4% 68% 21% 0% 204 
Area 3 0% 1% 61% 38% 0% 150 
Total 7% 6% 64% 23% 0% 554 




EMS 98, the following vulnerability classes were obtained and shown in Figures (7-1) and (7-2) full 
evaluation of the buildings can be found in Appendix 2. 
Table ‎7-2: Vulnerability classes of existing buildings. 
Area 
Vulnerability Classes No. of 
Buildings A B C D E 
Area 1 24 24 125 27 0 200 
Area 2 15 8 138 42 1 204 
Area 3 0 1 92 57 0 150 
Total  39 33 355 126 1 554 
 
 
Figure ‎7-1: Vulnerability classes for existing buildings in Gaza city 





Figure ‎7-2: Vulnerability classes for existing buildings in Gaza city 
7.3. Ems-98 Detailed Of Evaluation Buildings 
After preliminary Evaluation Buildings the detailed Evaluation Buildings can be buildings 
using the European Macro seismic Scale (EMS-98) is based on previous related research carried 
out in the West Bank and in Gaza city Al-Dabbeek, J. (2007). and Shurrab. S.(2013). They 
suggest several factors to be consider in the field survey of buildings such as structural system, 
configuration and characteristics that create seismic vulnerability. 
7.3.1. Definitions of Quantitative Terms In Data Sheet Forms  
According to the European Macro seismic Scale (EMS-98) the use of quantitative terms 
(Few, Many, Most) provides an important statistical element in the scale. It is necessary to 
confine this statistical element to broad terms, since any attempt to present the scale as a series of 
graphs showing exact percentages would be impossible to apply in practice and would destroy 
the robustness of the scale. But defining these terms numerically is not very easy. If few, many 
and most are defined as three contiguous ranges of percentages (e.g. 0-20%, 20-60%, 60-100%), 
the undesirable effect occurs that a small percentage increase in some observation may in one 
case cross a threshold value and put the intensity up by one degree, whereas in another case the 
same increase will not cross a threshold and so not have the same effect. Broadly overlapping 
definitions (0-35%, 15-65%, 50-100%) cause problems of ambiguity for an observed value (e.g. 
25%) in the overlap, and widely separated definitions (0-20%, 40-60%, 80-100%) cause similar 
problems where a value may be undefined. A compromise solution has been found for this 




version of the scale, using narrowly overlapping definitions, but no solution is ideal. The 
objective here has been to try and maximize the robustness of the scale, and the definitions of 
quantity presented here should be used with this in mind. This has been presented, very 
deliberately, in graphical format to emphasize the way these numerical categories are blurred 
rather than sharply defined. 
In such a case as a precisely determined quantity falls into an overlapping area, the user 
should consider the implications of classing it as one category or the other, in terms of which 
would be more consistent with any other data available for the same place. 
 
Figure ‎7-3: Definitions of quantity 
7.3.2. Configuration Factor 
According to the Researcher experience about the building type in Gaza city, the 
configuration factor are group in four groups in there Configuration factor according to 
importance of the factor, the following section show the division of factor in each Category: 
 Category one: 
1. Soft Story. 
2. Short column. 
3. Contriver. 
4. Building Design to Resistance earthquake. 
 Category two: 
1. Horizontal Irregular. 
2. Vertical Irregular. 
3. Concentration of stress due to complex plans. 
 Category three: 
1. Type of foundation Soil. 
2. Finishing material. 
3. Thin building. 
 Category four: 
1. Number of floors. 
2. Main Street Width. 
3. Importance of Building. 
4. Use of Building. 
5. Situation of Enters Of Building. 
6. Situation of Building. 




In this work a weight factor of four is used for Category 1 which contains the most 
importance factor, while weight factor of 1 is used for Category 4 which the lower importance 
factor, Category 2 and 3 take a weights factor 3 and 2 respectively. 
7.4. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity V 
The following section show the EMS-98 damage grades, result and reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity V. Table (7-3) shows the 
percentage of building and the distribution of the damage degrees, Figure (7-4) through (7-7) 
show expected damage grades at intensity V to generate proposed damages for building in each 
area in the case study separately and on the overall areas regarding to EMS-98.Table (7-3) also 
shows there are no grade damage in building class(C),(D) And (E), however few buildings of 
vulnerability class A and B has damage of grade 1 (G1). 
Table ‎7-3: Percentage of Building and the Distribution of the Degrees of Damage at Intensity V 
Area A B C D E 
Area 1 2.4% G1 2.4% G1 
No damage  No damage  No damage  
Area2 1.47% G1 0.78% G1 
Area3 0.0% G1 0.13% G1 
Gaza 
city 
1.41% G1 1.19% G1 
The result of field survey of area 1 indicate that 4.8% of total buildings have no structural 
damages, slight non-structural damages and fine cracks in plaster over frame members or in 
walls at the base, their damage grade is cater as grade 1 . A percent of 2.4% of the buildings in 
area 1 can be classified as class A and B, their damage grade is classified as grade 1, as shown in 
figure 7-4.  
The result of field survey in area 2 indicates that2.25% of total buildings have no 
structural damages, slight non-structural damages and fine cracks in plaster over frame members 
or in walls at the base, their damage grade is cater as grade 1 . A percent of 1.47% and 0.78% of 
the buildings in area 2 can be classified as class A and B respectively, their damage grade is 
classified as grade 1 from as shown in figure 7-5.  
The result of field survey in area 3 indicates that 0.13% of total buildings have no 
structural damages, slight non-structural damages and fine cracks in plaster over frame members 
or in walls at the base,. A percent of 0.13% of the buildings can be classified as class B, their 
damage grade is classified as grade 1, as shown in table 7-3.  
As shown in figure 7-7 the result of field survey in Gaza City indicates that 2.6% of total 
buildings have no structural damages, slight non-structural damages and fine cracks in plaster 
over frame members or in walls at the base , their damage grade is cater as grade 1 . A percent of 
1.41% and 1.19% respectively of the buildings can be classified as A and B , their damage grade 
is classified as grade 1 from the total buildings as shown in figure 7-6.  





Figure ‎7-4: Percentage of Building Damage at Area 1for Grades at Intensity V 
 










































































































Figure ‎7-6: Percentage of Building Damage at Gaza city for Grades at Intensity V 
 
Figure ‎7-7: Total Percentage of Building Damage at Intensity V 
7.5. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity VI 
The following section show the EMS-98 damage grades, result and reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity VI. Table (7-4) shows the 
percentage of building and the distribution of the damage degrees Figure (7-8) through (7-12) 
show expected damage grades at intensity VI to generate proposed damages for building in each 
area in the case study separately and on the overall areas regarding to EMS-98, Table (7-4) also 
show there are no grade damage in building class(C ),(D) And (E), however few buildings of 
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Table ‎7-4: Percentage of Building and the Distribution of the Degrees of Damage at Intensity VI 
Area A B C D E 
Area 1 2.4% G1 2.4% G1 
No damage No damage No damage 
Area2 1.47% G1 0.78% G1 
Area3 0.0% G1 0.13% G1 
Gaza 
city 
1.41% G1 1.19% G1 
The result of field survey in area 1 indicates that a percent of 4.8% of total buildings have 
no structural damages, slight non-structural damages and fine cracks in plaster over frame 
members or in walls at the base. A percent of 2.4% of the buildings can be classify as class A 
and B their damage grade is classified as grade 1, as shown in figure 7-8. 
The result of field survey in area 2 indicates that a percent of 2.25 % of total buildings 
have no structural damages, slight non-structural damages and fine cracks in plaster over frame 
members or in walls at the base, A percent of 1.47% and 0.78% of the buildings can be classify 
as class A and B Respectively their damage grade is classified as grade 1, as shown in figure 7-9.  
The result of field survey in Gaza City indicates that a percent of 2.6% of total buildings 
have no structural damages, slight non-structural damages and fine cracks in plaster over frame 
members or in walls at the base as shown in figure 7-11, A percent of 1.41% and 1.19% 
respectively of the buildings can be classify as class A and class B, their damage grade is 
classified as grade 1, as shown in figure 7-10. The observation of the Researcher is percentage 
2.6% of total building of Gaza city is high percentage of the total number of building of Gaza 
city.  
The result of field survey and analyze data showed that, 1.41% and 1.19% of the 
buildings in Gaza city will probability damage in grade 1 for the buildings class A and B 
respectively as shown in figure 7-10. Figure 7-11 shows that there is 2.6% of total buildings in 
Gaza city have no structural damage, slight non-structural damage and fine cracks in plaster over 
frame members or in walls at the base. 





Figure ‎7-8: Percentage of Building Damage at Area 1 for Grades at Intensity VI 
 
































































































Figure ‎7-10: Percentage of Building Damage at Gaza city for Grades at Intensity VI 
 
Figure ‎7-11: Total number of building Damage at Intensity VI 
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7.6. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity VII 
The following section show the EMS-98 Damage grades, result and reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity VII, Based on the results of a 
number of studies conducted in Palestine Al-Dabbeek, J. (2007)., Palestine will face moderate to 
high seismic ground shaking (Seismic magnitude ranges from 6M to 7 M on Richter scale), 
Table (7-5) show the percentage of building and the distribution of the degrees of damage Figure 
(7-13) through (7-17) show expected damage grades at intensity 7 to generate proposed damages 
for building in each area in the case study and over all areas. Regarding to EMS-98, there are no 
grade damage in building class (D) And (E). However many buildings of vulnerability class B 
suffer damage of grade 2, a few of grade 3, A few buildings of vulnerability class C sustain 
damage of grade 2 and a few buildings of vulnerability class D sustain damage of grade 1. 
Table ‎7-5: Percentage of Building and the Distribution of the Degrees of Damage at Intensity VII 
Area A B C D E 
Area 1 
7.2% G1 7.2% G1 12.5% G1 
No damage No damage 
2.4% G2 2.4% G2   
Area2 
4.41% G1 2.35% G1 13.53% G1 
1.47% G2 0.78% G2   
Area3 
0.0% G1 0.40% G1 12.26% G1 
0.0% G2 0.13% G2   
Gaza 
city 
4.22% G1 3.57% G1 12.82% G1 
1.41% G2 1.19% G2   
 
The result of field survey of area 1 indicates that 26.9% of total buildings have no 
structural damages, slight non-structural damages and fine cracks in plaster over frame members 
or in walls at the base, a percent of 7.2%, 7.2% and 12.5% of the buildings in area 1 can be 
classify as class A, class B and class C, their damage grade is classified as grade 1 as shown in 
figure 7-13.  
The result of field survey in area 1 indicates that 4.8% of total buildings have slight 
structural damage, moderate non-structural damage, cracks in columns and beams of frames and 
in structural walls, cracks in partition and infill walls, fall of brittle cladding and plaster and 
falling mortar from the joints of wall panels, A percent of 2.4% the buildings can be classify as 
class A and class B, their damage grade is classified as grade 2 as shown in figure 7-13.  




The result of field survey in area 2 indicates that 20.29% of total buildings have no 
structural damages, slight non-structural damages and fine cracks in plaster over frame members 
or in walls at the base, A percent of 4.41%, 2.35% And 13.53% the buildings can be classify as 
Class A, Class B and Class C, their damage grade is classified as grade1 from the total buildings 
as shown in figure 7-14.  
The result of field survey in area 2 indicates that 2.25% of total buildings have slight 
structural damage, moderate non-structural damage, cracks in columns and beams of frames and 
in structural walls, cracks in partition and infill walls, fall of brittle cladding and plaster and 
falling mortar from the joints of wall panels, 1.47% and 0.78% respectively the buildings can be 
classify as Class A and Class B , their damage grade is classified as grade 2 as shown in figure 7-
14.  
The result of field survey in area 3 indicates that 12.66% of total buildings have no 
structural damages, slight non-structural damages and fine cracks in plaster over frame members 
or in walls at the base, A percent of 0.40% and 12.26% the buildings can be classify as B and C 
respectively , their damage grade is classified as grade 1 as shown in figure 7-15.  
The result of field survey in area 3 indicates that0.13% of total buildings have slight 
structural damage, moderate non-structural damage, cracks in columns and beams of frames and 
in structural walls, cracks in partition and infill walls, fall of brittle cladding and plaster and 
falling mortar from the joints of wall panels, A percent of 0.13% the buildings can be classify as 
B , their damage grade is classified as grade1 as shown in figure 7-15.  
The result of field survey and analyze data showed that, A percent of 31.7%, 22.5% and 
12.8% of the buildings in Gaza city will probability damage in grade 1 and in grade 2 for the 
buildings in area 1,2and 3 respectively as shown in figure 7-16. Figure 7-17 shows that there are 
20% of total buildings in Gaza city. 
 





















































Figure ‎7-14: Percentage of Building Damage at Area 2 for Grades at Intensity VII 
 
Figure ‎7-15: Percentage of Building Damage at Area 3 for Grades at Intensity VII 
 













































































































































7.7. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity VIII 
The following section show the EMS-98 damage grades, result and reduction strategies 
for earthquakes of the related to vulnerability classes at intensity VIII, Table (7-6) show the 
percentage of building and the distribution of the degrees of damage Figure (7-18) through (7-
22) show expected damage grades at intensity 8 to generate proposed damages for building in 
each area in the case study and over all areas. Regarding to EMS-98, there are no grade damage 
in building class (D) And (E). 
however many buildings of vulnerability class a suffer damage of grade 4, a few of grade 
5, many buildings of vulnerability class b suffer damage of grade 3, a few of grade 4, many 
buildings of vulnerability class c suffer damage of grade 2, a few of grade 3, a few buildings of 
vulnerability class D sustain damage of grade 2 are effect in earthquake has intensity VIII. 
 
Figure ‎7-17: Total Percentage of Building Damage at Intensity VII 
The result of field survey in area 1 indicates that 40.2% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 37.5% and 2.7% respectively the buildings 
can be classify as Class C and Class D , their damage grade is classified as grade 2 from the total 
buildings as shown in figure 7-18.  
The result of field survey in area 1 indicates that19.5% of total buildings have Substantial 
to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks in columns 
and beam column joints of frames at the base and at joints of coupled walls, Spelling of concrete 
cover, buckling of reinforced rods, Large cracks in partition and infill walls and failure of 
individual infill panels , A percent of 7.0% and 12.5% respectively the buildings can be classify 
as Class B and Class C , their damage grade is classified as grade3 from the total buildings as 
shown in figure 7-18. 
The result of field survey in area 1 indicates that 9.4 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
20% 
80% 
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structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor 
, A percent of 7.0% and 2.4% respectively the buildings can be classify as Class A and Class B , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-18. 
The result of field survey in area 1 indicates that 2.4% of total buildings have very heavy 
structural damage and collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
2.4% the buildings can be classify as Class A , their damage grade is classified as grade5 from 
the total buildings as shown in figure 7-18. 
The result of field survey in area 2 indicates that 44.7% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 40.59% and 4.12% respectively the buildings 
can be classify as Class C and Class D , their damage grade is classified as grade 2 from the total 
buildings as shown in figure 7-19.  
The result of field survey in area 2 indicates that15.9% of total buildings have Substantial 
to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks in columns 
and beam column joints of frames at the base and at joints of coupled walls, Spelling of concrete 
cover, buckling of reinforced rods, Large cracks in partition and infill walls and failure of 
individual infill panels , A percent of 2.35% and 13.53% respectively the buildings can be 
classify as Class B and Class C , their damage grade is classified as grade 3 from the total 
buildings as shown in figure 7-19. 
The result of field survey in area 1 indicates that5.2 % of total buildings have Very heavy 
damage, heavy structural damage, very heavy non-structural damage, Large cracks in structural 
elements with compression failure of concrete and fracture of rebar’s, bond failure of beam 
reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor, A 
percent of 4.41% and 0.78% respectively the buildings can be classify as Class A and Class B , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-19. 
The result of field survey in area 1 indicates that1.47 % of total buildings have very 
heavy structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A 
percent of 1.47% the buildings can be classify as Class A , their damage grade is classified as 
grade5 from the total buildings as shown in figure 7-19. 
The result of field survey in area 3 indicates that 44.4% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 36.80% and 7.60% respectively the buildings 
can be classify as Class C and Class D , their damage grade is classified as grade 2 from the total 
buildings as shown in figure 7-20.  
The result of field survey in area 3 indicates that 12.7% of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 




failure of individual infill panels , A percent of 0.40% and 12.27% respectively the buildings can 
be classify as Class B and Class C , their damage grade is classified as grade3 from the total 
buildings as shown in figure 7-20. 
The result of field survey in area 3 indicates that 0.13 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor 
, A percent of 0.13% the buildings can be classified as B , their damage grade as 4 from the total 
buildings as shown in figure 7-20. 
The result of field survey and analyze data showed that, A percent of 43.0%,16.3%,5.3% 
and 1.4% of the buildings in Gaza city will probability damage in grade 2,3,4and 5 for the 
buildings class Class A, Class B, Class C and Class D Respectively as shown in figure 7-21. 
Figure 7-22 shows that there are 66.1% of total buildings in Gaza city, their damage grade are 
multi grade.  
Table ‎7-6: Percentage of Building and the Distribution of the Degrees of Damage at Intensity VIII 
Area A B C D E 
Area 1 
7.0% G4 7.0% G3 37.5% G2 2.7% G2 
No damage 
2.4% G5 2.4% G4 12.5% G3   
Area2 
4.41% G4 2.35% G3 40.59% G2 4.12% G2 
1.47% G5 0.78% G4 13.53% G3   
Area3 
 G4 0.40% G3 36.80% G2 7.60% G2 
 G5 0.13% G4 12.27% G3   
Gaza 
city 
4.15% G4 3.61% G3 38.45% G2 4.55% G2 
1.41% G5 1.19% G4 12.82% G3   
 
 























































Figure ‎7-19: Percentage of Building Damage at area2 for Grades at Intensity VIII 
 
Figure ‎7-20: Percentage of Building Damage at area 3 for Grades at Intensity VIII 
 

























































































































































Figure ‎7-22: Total Percentage of Building Damage at Intensity VIII 
7.8. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity IX 
The following section show the EMS-98 Damage grades, result and Reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity IX, Table (7-7) show the 
percentage of building and the distribution of the degrees of damage Figure (7-23) through (7-
27) show expected damage grades at intensity 9 to generate proposed damages for building in 
each area in the case study and over all areas. However Many buildings of vulnerability class A 
sustain damage of grade 5, Many buildings of vulnerability class B suffer damage of grade 4, a 
few of grade 5, Many buildings of vulnerability class C suffer damage of grade 3, a few of grade 
4, Many buildings of vulnerability class D suffer damage of grade 2, a few of grade 3And A few 
buildings of vulnerability class E sustain damage of grade 2 are effect in earthquake has intensity 
IX. 
Table ‎7-7: Percentage of Building and the Distribution of the Degrees of Damage at Intensity IX 
Area A B C D E 
Area 1 
7.2% G5 7.0% G4 37.5% G3 8.1% G2 0.0% G2 
  2.4% G5 12.5% G4 2.7% G3   
Area2 
4.41% G5 2.35% G4 40.59% G3 12.35% G2 0.10% G2 
  0.78% G5 13.53% G4 4.12% G3   
Area3 
  0.40% G4 36.80% G3 12.35% G2   
  0.13% G5 12.27% G4 7.60% G3   
Gaza 
city 
4.22% G5 3.61% G4 38.45% G3 13.65% G2 0.07% G2 
  1.19% G5 12.82% G4 4.55% G3   
66% 
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The result of field survey in area 1 indicates that 8.1% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 8.1% the buildings can be classify as class D, 
their damage grade is classified as grade 2 from the total buildings as shown in figure 7-23.  
The result of field survey in area 1 indicates that 40.2% of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 
failure of individual infill panels , A percent of 37.5% and 2.7% respectively the buildings can be 
classify as class C and class D , their damage grade is classified as grade 3 from the total 
buildings as shown in figure 7-23. 
The result of field survey in area 1 indicates that19.5 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor 
, A percent of 7.0% and 12.5% respectively the buildings can be classify as class B and class C , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-23. 
The result of field survey in area 1 indicates that9.4% of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
7.2% and 2.4% Respectively the buildings can be classify as class A and class B , their damage 
grade is classified as grade 5 from the total buildings as shown in figure 7-23. 
The result of field survey in area 2 indicates that12.5% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 12.35% and 0.10% Respectively the buildings 
can be classify as class D and class E , their damage grade is classified as grade 2 from the total 
buildings as shown in figure 7-24.  
The result of field survey in area 2 indicates that 44.7% of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 
failure of individual infill panels , A percent of 40.59% and 4.12% Respectively the buildings 
can be classify as class C and class D , their damage grade is classified as grade 3 from the total 
buildings as shown in figure 7-24. 
The result of field survey in area 2 indicates that15.9 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor 
, A percent of 2.35% 13.53% respectively the buildings can be classify as class B and class C , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-24. 




The result of field survey in area 2 indicates that5.2 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
4.41% ,0.78% respectively the buildings can be classify as class A and class B , their damage 
grade is classified as grade 5 from the total buildings as shown in figure 7-24. 
The result of field survey in area 3 indicates that12.4% of total buildings slight structural 
damage, moderate non-structural damage, Cracks in columns and beams of frames and in 
structural walls, Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling 
mortar from the joints of wall panels, A percent of 12.35% the buildings can be classify as class 
D , their damage grade is classified as grade 2 from the total buildings as shown in figure 7-25.  
The result of field survey in area 3 indicates that40.9% of total buildings have Substantial 
to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks in columns 
and beam column joints of frames at the base and at joints of coupled walls, Spelling of concrete 
cover, buckling of reinforced rods, Large cracks in partition and infill walls and failure of 
individual infill panels , A percent of 36.80% and 7.60% respectively the buildings can be 
classify as class C and class D , their damage grade is classified as grade 3 from the total 
buildings as shown in figure 7-25. 
The result of field survey in area 3 indicates that12.7 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper 
floor, A percent of 0.40% and 12.27% Respectively the buildings can be classify as class B and 
class C , their damage grade is classified as grade 4 from the total buildings as shown in figure 7-
25. 
The result of field survey in area 3 indicates that0.13 % of total buildings have very 
heavy structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A 
percent of 0.13% the buildings can be classify as class B , their damage grade is classified as 
grade 5 from the total buildings as shown in figure 7-25. 
The result of field survey and analyze data showed that 10.9%,42.1%,16.3% and 69.3% 
of the buildings in Gaza city will probability damage in grade 2,3,4and 5 for the buildings class 
A,B,C and D as shown in figure 7-26. Figure 7-27 shows that there is 75.0% of total buildings in 
Gaza city have been damage. 





Figure ‎7-23: Percentage of Building Damage at area 1 for Grades at Intensity IX 
 

















































































































Figure ‎7-25: Percentage of Building Damage at area3 for Grades at Intensity IX 
 
 
Figure ‎7-26 Percentage of Building Damage at Gaza city for Grades at Intensity IX 
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7.9. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity X 
The following section show the EMS-98 Damage grades, result and Reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity X, Table (7-8) show the 
percentage of building and the distribution of the degrees of damage Figure (7-29) through (7-
34) show expected damage grades at intensity X to generate proposed damages for building in 
each area in the case study and over all areas. 
However Most buildings of vulnerability class A sustain damage of grade 5, Many 
buildings of vulnerability class B sustain damage of grade 5, Many buildings of vulnerability 
class C suffer damage of grade 4, a few of grade 5, Many buildings of vulnerability class D 
suffer damage of grade 3, a few of grade 4, Many buildings of vulnerability class E suffer 
damage of grade 2, a few of grade 3And A few buildings of vulnerability class F sustain damage 
of grade 2. 
Table ‎7-8: Percentage of Building and the Distribution of the Degrees of Damage at Intensity X 
Area A B C D E 
Area 1 
12.0% G5 7.2% G5 37.5% G4 8.1% G3  G2 
    12.5% G5 2.7% G4  G3 
Area2 
7.35% G5 2.35% G5 40.59% G4 12.35% G3 0.29% G2 
    13.53% G5 4.12% G4 0.10% G3 
Area3 
 G5 0.40% G5 36.80% G4 22.80% G3  G2 
    12.27% G5 7.60% G4  G3 
Gaza 
city 
7.04% G5 3.57% G5 38.45% G4 13.65% G3 0.22% G2 
    12.82% G5 4.55% G4 0.07% G3 
The result of field survey in area 1 indicates that 8% of total buildings have Substantial to 
heavy damage ,moderate structural damage, heavy non-structural damage, Cracks in columns 
and beam column joints of frames at the base and at joints of coupled walls, Spelling of concrete 
cover, buckling of reinforced rods, Large cracks in partition and infill walls and failure of 
individual infill panels , A percent of 8.1% the buildings can be classify as class D , their damage 
grade is classified as grade 3 from the total buildings as shown in figure 7-28. 
The result of field survey in area 1 indicates that40% of total buildings have Very heavy 
damage, heavy structural damage, very heavy non-structural damage, Large cracks in structural 
elements with compression failure of concrete and fracture of rebar’s, bond failure of beam 
reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor, A 




percent of 37.5% and 2.7% respectively the buildings can be classify as class C and class D , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-28. 
The result of field survey in area 1 indicates that32 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
12.0%, 7.2%and 12.5 % Respectively the buildings can be classify as class A, class B and class 
C, their damage grade is classified as grade 5 from the total buildings as shown in figure 7-28. 
The result of field survey in area 2 indicates that12.45 % of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 
failure of individual infill panels , A percent of 12.35% and 0.1% Respectively the buildings can 
be classify as class D and class E , their damage grade is classified as grade 3 from the total 
buildings as shown in figure 7-29. 
The result of field survey in area 2 indicates that 44% of total buildings have Very heavy 
damage, heavy structural damage, very heavy non-structural damage, Large cracks in structural 
elements with compression failure of concrete and fracture of rebar’s, bond failure of beam 
reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor, A 
percent of 40.59% and 4.12% respectively the buildings can be classify as class C and class D , 
their damage grade is classified as grade 4 from the total buildings as shown in figure 7-29. 
The result of field survey in area 2 indicates that 23 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
7.35%, 2.35%and 13.53 % respectively the buildings can be classify as class A, class B and class 
C, their damage grade is classified as grade 5 from the total buildings as shown in figure 7-29. 
 
































































Figure ‎7-29 Percentage of Building Damage at area2 for Grades at Intensity X 
The result of field survey in area 3 indicates that 22.80% of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 
failure of individual infill panels , A percent of 22.8% the buildings can be classify as class D , 
their damage grade is classified as grade 3 from the total buildings as shown in figure 7-30. 
The result of field survey in area 3 indicates that 44% of total buildings have Very heavy 
damage, heavy structural damage, very heavy non-structural damage, Large cracks in structural 
elements with compression failure of concrete and fracture of rebar’s, bond failure of beam 
reinforced bars, tilting of columns and Collapse of a few columns or of a single upper floor. t 
which A percent of 36.80% and 7.60% respectively the buildings can be classify as class C and 
class D , their damage grade is classified as grade 4 from the total buildings as shown in figure 7-
30. 
The result of field survey in area 3 indicates that 13 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
0.40%  and 12.27% respectively the buildings can be classify as class B and class C, their 
damage grade is classified as grade 5 from the total buildings as shown in figure 7-30. 
The result of field survey and analyze data showed that A percent of 14%,43%and 23% 
of the buildings in Gaza city will probability damage in grade 3, 4and 5 for the buildings class A, 
class B, class C and class D as shown in figure 7-31. Figure 7-32 shows that there is 80.0% of 





























































Figure ‎7-30 Percentage of Building Damage at area 3 for Grades at Intensity X 
 













































































































Figure ‎7-32: Percentage number of building Damage at Intensity X 
7.10. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity 
XI 
The following section show the EMS-98 Damage grades, result and Reduction strategies 
for earthquakes of the related to vulnerability Classes at intensity XI, Table (7-9) show the 
percentage of building and the distribution of the degrees of damage Figure (7-35) through (7-
40) show expected damage grades at intensity XI to generate proposed damages for building in 
each area in the case study and over all areas. However Most buildings of vulnerability class B 
sustain damage of grade 5, Most buildings of vulnerability class C suffer damage of grade 4; 
many of grade 5, Many buildings of vulnerability class D suffer damage of grade 4; a few of 
grade 5, Many buildings of vulnerability class E suffer damage of grade 3, a few of grade 4, 
Many buildings of vulnerability class F suffer damage of grade 2 and a few of grade 3. 
Table ‎7-9 : Percentage of Building and the Distribution of the Degrees of Damage at Intensity XI 
Area A B C D E 
Area 1 
No damage 
12.0% G5 62.5% G4 8.1% G4  G3 
  37.5% G5 2.7% G5  G4 
Area2 
3.92% G5 67.65% G4 12.35% G4 0.29% G3 
  40.59% G5 4.12% G5 0.10% G4 
Area3 
0.67% G5 61.33% G4 22.80% G4  G3 
  36.80% G5 7.60% G5  G4 
Gaza 
city 
5.96% G5 64.08% G4 13.65% G4 0.22% G3 
  38.45% G5 4.55% G5 0.07% G4 
 The result of field survey in area 1 indicates that 69.2 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper 
floor, A percent of 62.5% and 8.1% respectively the buildings can be classify as class C and 
class D , their damage grade is classified as grade 4 from the total buildings as shown in figure 7-
33. 
The result of field survey in area 1 indicates s that 51.2 % of total buildings have very 
heavy structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A 
percent of 12%, 37.5% and 2.7% respectively the buildings can be classify as class B, class C 




and class D , their damage grade is classified as grade 5 from the total buildings as shown in 
figure 7-33. 
The result of field survey in area 2 indicates that 0.30% of total buildings have 
Substantial to heavy damage ,moderate structural damage, heavy non-structural damage, Cracks 
in columns and beam column joints of frames at the base and at joints of coupled walls, Spelling 
of concrete cover, buckling of reinforced rods, Large cracks in partition and infill walls and 
failure of individual infill panels , A percent of 0.29% the buildings can be classify as class E , 
their damage grade is classified as grade 3 from the total buildings as shown in figure 7-34. 
The result of field survey in area 2 indicates that80.1 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper 
floor, A percent of 67.65%, 12.35% and 0.10% respectively the buildings can be classify as class 
C, class D and class E , their damage grade is classified as grade 4 from the total buildings as 
shown in figure 7-34. 
The result of field survey in area 2 indicates s; 48.6 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings, A percent of 
3.92%, 40.59% and 4.12% respectively the buildings can be classify as class B, class C and class 
D , their damage grade is classified as grade 5 from the total buildings as shown in figure 7-34. 
 






























































Figure ‎7-34: Percentage of Building Damage at area2 for Grades at Intensity XI 
The result of field survey in area 3 indicates that 48.1 % of total buildings have Very 
heavy damage, heavy structural damage, very heavy non-structural damage, Large cracks in 
structural elements with compression failure of concrete and fracture of rebar’s, bond failure of 
beam reinforced bars, tilting of columns and Collapse of a few columns or of a single upper 
floor, A percent of 61.33% and 22.80% respectively the buildings can be classify as class C and 
class D , their damage grade is classified as grade 4 from the total buildings as shown in figure 7-
35. 
The result of field survey in area 3 indicates s; 45.1% of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings. , A percent of 
0.67%, 38.80% and 7.60% Respectively the buildings can be classify as class B, class C and 
class D , their damage grade is classified as grade 5 from the total buildings as shown in figure 7-
35. 
The result of field survey and analyze data showed that 100% of the buildings in Gaza 
city will probability damage in grade3, 4 and 5 for the buildings class B,C,D and E as shown in 






























































Figure ‎7-35: Percentage of Building Damage at area3 for Grades at Intensity XI  
 




















































































































Figure ‎7-37: Total Percentage of Building Damage at Intensity XI 
7.11. Ems-98 Damage Grades Related To Vulnerability Classes At Intensity 
XII 
The following section show the EMS-98 Damage grades, the result and Reduction 
strategies for earthquakes of the related to vulnerability Classes at intensity XII, Table (7-10) 
show the percentage of building and the distribution of the degrees of damage Figure (7-41) 
through (7-46) show expected damage grades at intensity XII to generate proposed damages for 
building in each area in the case study and over all areas. However All buildings of vulnerability 
class A, B and practically all of vulnerability class C are destroyed. Most buildings of 
vulnerability class D, E and F are destroyed. The earthquake effects have reached the maximum 
conceivable effects. 
Table ‎7-10: Percentage of Building and the Distribution of the Degrees of Damage at Intensity XII 
Area A B C D E 
Area 1 12.0% G5 12.0% G5 62.5% G5 13.5% G5   
Area2 7.35% G5 3.92% G5 67.65% G5 20.59% G5 0.49% G5 
Area3   0.67% G5 61.33% G5 38.00% G5   
Gaza 
city 
7.04% G5 5.96% G5 64.08% G5 22.74% G5 0.36% G5 
The result of field survey in area 1 indicates s; 100 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings. , A percent of 
100% 
0% 
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12%, 12%, 62.5% and 13.50% Respectively the buildings can be classify as class A, class B, 
class C and class D , their damage grade is classified as grade 5 from the total buildings as shown 
in figure 7-38. 
 
Figure ‎7-38: Percentage of Building Damage at area1 for Grades at Intensity XII 
The result of field survey in area 2 indicates s; 100 % of total buildings have very heavy 
structural damage and Collapse of ground floor or parts (e. g. wings) of buildings. , A percent of 
7.35%, 3.92%, 67.65%, 20.59% and 0.49% respectively the buildings can be classify as class A, 
class B, class C, class D and class E, their damage grade is classified as grade 5 from the total 
buildings as shown in figure 7-39. 
The result of field survey in area 3 indicate that100 % of total buildings in area 3 have 
very heavy structural damage and Collapse of ground floor or parts (e. g. wings) of buildings. , A 
percent of 0.67%, 61.33% and38 % Respectively the buildings can be classify as class B, class C 
and class D , their damage grade is classified as grade 5 from the total buildings as shown in 
figure 7-40. 
The result of field survey and analyze data showed that100% of the buildings in Gaza 
city will probability damage in grade 5 for the buildings class A, class B, class C, class D and 
class E as shown in figure 7-41. Figure 7-42 shows that there is 100.0% of total buildings in 






























































Figure ‎7-39: Percentage of Building Damage at area2 for Grades at Intensity XII 
 




















































































































Figure ‎7-41 Percentage of Building Damage at Gaza city for Grades at Intensity XII 
 
Figure ‎7-42: Total Percentage of Building Damage at Intensity XII 
7.12. Detailed Reduction Strategies For Earthquakes For Gaza City 
The following section shows the Reduction strategies for earthquakes for 
Gaza city regarding to the detailed evaluation buildings using EMS-98, the 
researcher grouping the reduction strategies in three Categories. 
 Category one  
1. Intensity V 
2. Intensity VI 
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 Category two  
1. Intensity VIII 
2. Intensity IX 
3. Intensity X 
 Category three 
1. Intensity XI 
2. Intensity XII 
7.12.1. Ems-98 Reduction Strategies For Category One  
The field survey in Gaza City shows that 2.6%, 20% and 20% of total buildings in Gaza 
City at Intensity V, VI and VII have no structural damages, slight non-structural damages and 
fine cracks in plaster over frame members or in walls at the base, the following section shows the 
reduction strategies for earthquakes at category one : 
 Bringing together Palestinian experts in earthquake studies, seismic engineering, applied 
earth sciences, disaster management and emergency response. 
 Improve techniques for evaluating and rehabilitating existing buildings. 
 Ensuring the rapid availability of detection equipment. 
 Identifying and training teams for disaster assessment. 
 Training personnel in trauma care and first aid. 
 Provide experts of explosives, fire, contamination of water and environment who take the 
required action. 
 Emergency response to fight fires, evacuation of people and removal of damaged 
facilities. 
 Saving casualties and searching for missing people. 
 Planning for an alternative water supply. 
 Preparing plans to clear streets for emergency access. 
 Preparing emergency communication systems and messages to the public regarding their 
security. 
 Training teams to determine if buildings are safe for re occupancy. 
 
7.12.2. Ems-98 Reduction Strategies For Category Two 
Reduction strategies for earthquakes at Category two are several hazard mitigation 
strategies for earthquakes. Structures can be engineered to with stand vibration forces and State 
of Palestine can develop and enforce seismic building codes and higher standards of construction 
quality. State of Palestine can also ensure that important public sector buildings are constructed 




according to high engineering design standards. Additional measures can include training 
programmers to improve construction techniques in the building industry and public education 
programmers about these techniques. 
Besides structural engineering, the effects of earthquakes can be mitigated by 
implementing location planning to reduce urban densities on geological areas known to amplify 
ground vibrations. In addition, incentives could be offered to remove unsafe buildings or 
buildings on unsafe sites or, more feasibly, to upgrade their level of safety. Government 
supported public education campaigns are also very important. Gaza city has a means of 
communicating with its most remotely located citizens, either through the media or through 
informal communication networks. Public awareness programmers can be designed to reach 
every vulnerable person and may significantly reduce the social and material costs of an 
earthquake. 
The field survey in Gaza City show that 66%, 75% and 80% of total buildings in Gaza 
City at Intensity VIII, IX and X respectively most of the building have slight structural damage, 
moderate non-structural damage, cracks in columns and beams of frames and in structural walls, 
Cracks in partition and infill walls, fall of brittle cladding and plaster and Falling mortar from the 
joints of wall panels, a many of the building have Substantial to heavy damage ,moderate 
structural damage, heavy non-structural damage, Cracks in columns and beam column joints of 
frames at the base and at joints of coupled walls, Spelling of concrete cover, buckling of 
reinforced rods, Large cracks in partition and infill walls and failure of individual infill panels, a 
few of the building have Very heavy damage, heavy structural damage, very heavy non-
structural damage, Large cracks in structural elements with compression failure of concrete and 
fracture of rebar’s, bond failure of beam reinforced bars, tilting of columns and Collapse of a few 
columns or of a single upper floor, the following section shows the reduction strategies for 
earthquakes at category two: 
 Bringing together Palestinian experts in earthquake studies, seismic engineering, applied 
earth sciences, disaster management and emergency response. 
 Protection of People’s lives and public and private property. 
 Early warning measures against any possible disaster. 
 Supervise the cooperation between the different bodies of the GOs and NGOs in all areas 
of the country. Also finding volunteer groups from the civilians for emergency support. 
 Improve techniques for evaluating and rehabilitating existing buildings. 
 Ensuring the rapid availability of detection equipment. 
 Identifying and training teams for disaster assessment. 
 Training personnel in trauma care and first aid. 
 Provide experts of explosives, fire, contamination of water and environment who take the 
required action. 




 Emergency response to fight fires, evacuation of people and removal of damaged 
facilities. 
 Saving casualties and searching for missing people. 
 Planning for an alternative water supply. 
 Preparing plans to clear streets for emergency access. 
 Preparing emergency communication systems and messages to the public regarding their 
security. 
 Training teams to determine if buildings are safe for re occupancy. 
  
7.12.3. Ems-98 Reduction Strategies For Category Three 
An important element of earthquake mitigation is community awareness and 
participation. Awareness of earthquake risk and a desire to live in houses safe from seismic 
forces help motivate construction of earthquake-resistant buildings. Knowledge of what to do in 
the event of an earthquake can be increased by earthquake drills and public awareness 
programmers. Community firefighting, search and rescue, and first aid training groups can also 
be formed. These groups can take responsibility for readiness and maintenance of fire 
extinguishers, excavation tools and other civil protection equipment. Community organizations 
and local officials should develop plans to prepare and react to the emergency. 
The field survey in Gaza City show that 100% of total buildings in Gaza City at Intensity 
XI and XII respectively Most of the total building in Gaza city have Very heavy damage, heavy 
structural damage, very heavy non-structural damage, Large cracks in structural elements with 
compression failure of concrete and fracture of rebar’s, bond failure of beam reinforced bars, 
tilting of columns and Collapse of a few columns or of a single upper floor and many of the 
building in Gaza city have very heavy structural damage and Collapse of ground floor or parts (e. 
g. wings) of buildings., the following section shows the reduction strategies for earthquakes at 
category three: 
 Fully implement the advanced national seismic system 
 Improve techniques for evaluating and rehabilitating existing buildings 
 Further develop performance based seismic design  
 Identifying and training teams for search and rescue operations 
 Ensuring the rapid availability of detection equipment 
 Identifying and training teams for disaster assessment 
 Identifying safe sites and emergency shelters where vulnerable populations could be 
relocated 
 Training personnel in trauma care and first aid 
 Planning for an alternative water supply 
 Preparing plans to clear streets for emergency access 
 Preparing emergency communication systems and messages to the public regarding their 
security 
 Training teams to determine if buildings are safe for re occupancy 
 Coordinating preparations with voluntary organizations. 


















8. Chapters 8: Conclusions and Recommendations 
 
Occurrences of recent earthquakes in the Middle East and in different parts of the world 
and the resulting losses, especially human lives, have highlighted the structural inadequacy of 
buildings in terms of seismic loads. There is an urgent need for assessment of existing buildings 
(especially buildings) in terms of seismic resistance. In view of this, various organizations in the 
earthquake threatened countries have come up with documents, which serve as guidelines for the 
assessment of the strength, expected performance and safety of existing buildings as well as for 
carrying out the necessary rehabilitation, if required (Al-dabbeek, j., 2007). 
 The researcher proposed Preliminary Evaluation Buildings and Detailed Evaluation 
Buildings using the European Macro seismic Scale (EMS-98). The researcher suggest several factors to 
be consider in the field survey of buildings such as structural system, configuration and characteristics 
that create seismic vulnerability. 
8.1.  Results And Comments 
1) It is clear that more than half of the buildings are highly vulnerable to seismic risks which 
are classified as category (C) or (D). Few of them are ranked as category (A) or (B). At 
this rate, the existing buildings in Gaza Strip are vulnerable to severe damages at minor 
earthquakes action.  
2) Category (E) is limited because the nature of existing building and the methodology of 
used method. 
3) The survey also showed that there is non- existence of category (F), because this reflected 
braced systems designed to resist seismic where it is expected that this type of 
construction does not exists in Gaza city. 
4) Assigned vulnerability classes show that 64% of total buildings are categorized as class 
(C) and about 23% of class (D), which reflects high seismic vulnerability of existing 
building in Gaza city. 
5) At intensity VII the existing buildings in Gaza city are highly exposed to seismic damage 
(EMS-98 damage grade) at low grade, 19.89 % of building expected to be degree (1) 
damage. However, expected damage of total buildings for damage degrees (1) and (2) are 
17.29% and 2.59 % respectively as shown in chapter 7. 
6) At intensity VIII the existing buildings in Gaza city is highly exposed to seismic damage 
(EMS-98 damage grade) at low grade, 66 % of building expected to be degree (2), (3),(4) 
and (5) damages. However, expected damage of total buildings for damage degrees (2) 
,(3) ,(4) and (5) are 42.99% ,16.31%,5.34% and 1.40 % respectively as shown in chapter 
7 
7) Obviously the maximum damage probability rise the values in charts about 15 % each 
intensity degree, to 90% or 100% at intensity (XII) which reflect the actual binomial 
distribution of damage probability applied equation. 




8) Results of applying the Detailed Evaluation Buildings method using available related 
studies Al-Dabbeek, J. (2007). and Yankelevsky, (2008), expect partial and total damage 
(damage grade 3, 4, 5) where massive buildings will collapse and high human and 
resources will be lost. 
9) Results of applying the Detailed Evaluation Buildings method show a relation between 
seismic vulnerability of existing buildings and damage degree. 
8.2. Recommendations 
The Results of vulnerability studies on areas that previously exposed to earthquakes 
proved that there is a relationship between different factors such as the type and pattern of each 
building, the categories of vulnerability, and the same time with the degree of damage and 
collapse in the buildings that affected by seismic severity and vulnerability categories. 
Through the field survey on the study regions in Gaza City and because of the nature, 
types and patterns of buildings in Gaza City, in some cases, Gaza buildings may be vulnerable 
toward natural hazards that could cause large losses as a result of whether macro or micro 
damage and landslides in case being exposed to a strong earthquake or a medium-sized one. 
Moreover, with no doubt, it is very likely that roads will be closed causing confusion in 
the rescue and emergency operations outsourcing. 
When comparing the results of the evaluation of the buildings according to field survey 
methodology through which to identify the categories of earthshaking vulnerability according to 
the European scales EMS-98. 
Based on the results of the study, there is an urgent need to adhere to the procedures that 
mitigate seismic risk; therefore, it is recommended that both specialists and decision-makers 
have to stick to the necessity of commitment to the procedures below:  
 Avoid using patterns of unsafe buildings seismic. 
 Legislate special laws to achieve the seismic design and the implementation of buildings 
and establish a mechanism for the implementation of the requirements.  
 Regulate the land use policy 
 Develop plans to strengthen, repair, rehabilitate and build buildings to resist earthquakes 
as part private and national laws and policies. 
 Develop plans for disaster management that commensurate with the nature of the existing 
situation and the producing of civilian mistakes maps for Gaza city and the rest of the 
cities of Gaza Strip. 
 Support scientific research on earthquake engineering and support education and public 
safety programs. 
 The need to take lessons from earthshaking events that happen in the world and focus on 
conducting courses for engineers in the threads of the above recommendations. 




 Vulnerability assessment at urban scale needs to analyze a large number of buildings, so 
using simplified methods is recommended. It is required to establish an inventory of 
assessing building information (Database information). 
 Establishing a national seismic hazard program for all Palestinian cities, coordinating 
with Earthquake Engineering and Disaster Risk Reduction Unit (EEDRRU) under 
(SASPARM) program for seismic Risk Mitigation in Palestine region, at Al-Najah 
University in Nablus. 
 Planning for buildings proper strengthening and rehabilitation for seismic resistance, 
included under specific national politics and laws. 
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Table ‎0-6: Data Forms Sheet area 3(C) 
 
